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Preface 
 
The Agency for Healthcare Research and Quality (AHRQ) conducts the Effective Health Care 
Program as part of its mission to organize knowledge and make it available to inform decisions 
about health care. As part of the Medicare Prescription Drug, Improvement, and Modernization 
Act of 2003, Congress directed AHRQ to conduct and support research on the comparative 
outcomes, clinical effectiveness, and appropriateness of pharmaceuticals, devices, and health 
care services to meet the needs of Medicare, Medicaid, and the State Children’s Health Insurance 
Program (SCHIP). 
 
AHRQ has an established network of Evidence-based Practice Centers (EPCs) that produce 
Evidence Reports/Technology Assessments to assist public- and private-sector organizations in 
their efforts to improve the quality of health care. The EPCs now lend their expertise to the 
Effective Health Care Program by conducting Comparative Effectiveness Reviews of 
medications, devices, and other relevant interventions, including strategies for how these items 
and services can best be organized, managed, and delivered. 
  
Systematic reviews are the building blocks underlying evidence-based practice; they focus 
attention on the strengths and limits of evidence from research studies about the effectiveness 
and safety of a clinical intervention.  In the context of developing recommendations for practice, 
systematic reviews are useful because they define the strengths and limits of the evidence, 
clarifying whether assertions about the value of the intervention are based on strong evidence 
from clinical studies.  For more information about systematic reviews, see  
http://effectivehealthcare.ahrq.gov/reference/purpose.cfm. 
 
AHRQ expects that Comparative Effectiveness Reviews will be helpful to health plans, 
providers, purchasers, government programs, and the health care system as a whole. In addition, 
AHRQ is committed to presenting information in different formats so that consumers who make 
decisions about their own and their family’s health can benefit from the evidence. 
 
Transparency and stakeholder input are essential to the Effective Health Care Program.  Please 
visit the Web site (www.effectivehealthcare.ahrq.gov) to see draft research questions and reports 
or to join an e-mail list to learn about new program products and opportunities for input.  
Comparative Effectiveness Reviews will be updated regularly. 
 
Carolyn M. Clancy, M.D.    Jean Slutsky, P.A., M.S.P.H. 
Director      Director, Center for Outcomes and Evidence 
Agency for Healthcare Research and Quality  Agency for Healthcare Research and Quality 
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Executive Summary 
 
Background and Key Questions 
 

Although oral antidiabetic agents are used as first-line agents in patients with type 2 diabetes, 
insulin is required in a significant number of patients at some stage during the management of 
diabetes to maintain optimal glycemic control. Insulin use has been suggested as a first-line 
therapy in patients with type 2 diabetes, either as an add-on therapy to the existing noninsulin 
antidiabetic medications or as a replacement for noninsulin medications. According to the 
National Health Interview Survey, 28 percent of patients with type 2 diabetes are using insulin 
either alone (16 percent) or in combination with oral antidiabetic agents (12 percent).  

To mimic the release of insulin from pancreatic beta-cells in response to food intake, near-
physiologic insulin replacement regimens involve giving insulin at specific times in relation to 
meals. In addition, some formulation of a longer acting insulin is prescribed to mimic the 
relatively constant and slow release of insulin that regulates hepatic gluconeogenesis and 
lipolysis. However, the addition of insulin to treatment regimens may result in decreased 
flexibility in the timing of meals and activities, increased frequency of blood glucose monitoring, 
and an increased risk of weight gain and hypoglycemia. Also, the requirement for multiple 
injections of short-acting insulin (bolus insulin) and long-acting insulin (basal insulin) may affect 
patients’ overall satisfaction with their treatment regimen. 

Premixed insulin preparations are a therapeutic alternative to multiple insulin injections in a 
near-physiologic regimen that is also convenient for patients. A number of patient-related factors 
have been identified that may help physicians to select patients for therapy with premixed insulin 
preparations. Such preparations are generally appropriate for patients who: (1) desire a 
convenient and simple insulin regimen; (2) are unwilling to administer multiple daily injections 
or use an insulin pump; (3) are unwilling to or cannot undertake carbohydrate counting; (4) have 
a relatively predictable (routine) life style; and (5) consume meals with approximately the same 
composition of calories, carbohydrates, fats, and fiber at fairly consistent and reproducible times 
every day. 

Insulin analogues have been developed by altering one of the two polypeptide chains of 
human insulin. This modification changes the pharmacokinetic and pharmacodynamic properties 
of the insulin, imparting the desired rapidity or duration of action. Premixed insulin analogues 
are derived from rapid-acting insulin analogues and consist of a mixture of rapid-acting insulin 
analogues and an intermediate-acting protamine suspension or protamine alone.  

In the management of type 2 diabetes, the place of premixed insulin analogues in relation to 
other insulin regimens and noninsulin antidiabetic agents is as yet unclear. When compared with 
premixed human insulin, premixed insulin analogues may provide a glucose-lowering profile 
that more closely mimics the physiology of a person without diabetes, thus providing better 
glycemic control. In addition, compared with premixed human insulin preparations, premixed 
insulin analogues allow patients more flexibility in timing their meals, since premixed insulin 
analogues can be administered within 15 minutes of a meal. 

Despite their advantages, the effect of premixed insulin analogues on fasting and 
postprandial glucose and hemoglobin A1C (A1c) compared with the effect of other antidiabetic 
medications has not been clearly established. Although several studies have demonstrated that 
insulin aspart 70/30 and insulin lispro 75/25 are more effective in lowering postprandial glucose 
levels than neutral protamine Hagedorn (NPH)/regular 70/30, their effectiveness in lowering A1c 
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appears similar. Similarly, these same two premixed insulin analogues appear to be more 
effective in lowering postprandial glucose but less effective in lowering fasting glucose than the 
long-acting insulin analogues are. Moreover, several studies have found that while the rate of 
side effects (such as hypoglycemia) is similar for premixed insulin analogues and premixed 
human insulin preparations, these side effects are less common with the long-acting insulin 
analogues than with premixed insulin analogues.  

Given the increasing prevalence of type 2 diabetes, the large number of patients who use 
insulin for glycemic control, and the well-documented importance of glycemic control in 
decreasing mortality and preventing long-term complications, it is important to review and 
evaluate the weight of evidence for the safety and effectiveness of these insulin therapies relative 
to alternative insulin and noninsulin antidiabetic regimens.  

To date, no one study has compared premixed insulin analogues with other insulin and 
noninsulin antidiabetic agents in terms of reducing fasting and postprandial glucose, A1c, 
microvascular and macrovascular diabetic complications and in terms of the side effects of 
treatment. Clinicians may be better able to choose the most effective therapy for their patients 
with diabetes if they have the results of an objective, impartial, comprehensive evidence-based 
review of the comparative effectiveness and safety of different therapeutic options for the 
treatment of type 2 diabetes. We have therefore performed a systematic review of published 
studies dealing with the comparative effectiveness and safety of all premixed insulin analogues 
that are approved by the U.S. Food and Drug Administration (FDA) and available in the United 
States.  

This report addresses the following key questions: 
 
1. In adults (age ≥ 18 years) with type 2 diabetes, what is the effectiveness of premixed 

insulin analogues (insulin aspart 70/30, insulin lispro 75/25, insulin lispro 50/50) in 
achieving optimal glycemic control, as compared to insulin regimens including, but not 
necessarily limited to, the following preparations? 
a. Premixed human insulin preparations (NPH/regular 70/30, NPH/regular 50/50). 
b. Long-acting insulin analogues (insulin detemir, insulin glargine) administered alone. 
c. Intermediate-acting human insulin (NPH insulin) administered alone. 
d. Short-acting human insulin (regular insulin) administered prandially. 
e. Rapid-acting insulin analogues (insulin aspart, insulin glulisine, insulin lispro) 

administered separately (prandially) with a long-acting insulin analogue (insulin 
detemir, insulin glargine). 

 
2. For adults with type 2 diabetes, do premixed insulin analogues differ from other 

commonly used insulin preparations with regard to safety, adverse effects, or adherence? 
The adverse effects of interest include, but are not limited to, hypoglycemia (nocturnal 
and daytime), weight gain, and interactions with other medications. 

 
3. Does the effectiveness or safety of the new premixed insulin analogue regimens vary 

across the following subpopulations of patients with type 2 diabetes? 
a. The elderly (≥ 65 years), very elderly (≥ 85 years). 
b. Other demographic groups (ethnic or racial groups, genders). 
c. Individuals with comorbid medical conditions. 
d. Individuals with limited life expectancy. 
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e. Individuals with disabilities. 
 

4. What are the effectiveness and safety of the new premixed insulin analogue regimens in 
individuals on oral antidiabetic agents and individuals with different blood glucose 
patterns (such as fasting hyperglycemia or postprandial hyperglycemia) or types of 
control (such as tight control, usual control, good fasting, or postprandial control)? 

 
Conclusions 
 
 The findings in this report are shown in Summary Table A and Summary Figure A. 
 
Key Questions 1 and 2: Comparative effectiveness and safety of premixed 
insulin analogues 
 
Premixed insulin analogues versus long-acting insulin analogues 
 

Premixed insulin analogues were less effective than long-acting insulin analogues 
(administered alone) in lowering fasting glucose. Long-acting insulin analogues were more 
effective than insulin lispro 75/25 in lowering fasting glucose levels (pooled mean difference = 
8.5 mg/dL; 95-percent confidence interval [CI]: 3.6 mg/dL to 13.3 mg/dL; p = 0.001). Two 
studies that compared the effect of insulin lispro 50/50 and of long-acting insulin analogues on 
fasting glucose found the long-acting analogues to be more effective (p < 0.001 in both studies). 
While the difference between insulin aspart 70/30 and long-acting insulin was not statistically 
significant, the direction of the effect was in favor of the long-acting insulin analogues (pooled 
mean difference = 6.4 mg/dL; 95-percent CI: -1.5 to 14.2 mg/dL; p = 0.11).  

In contrast to fasting glucose, premixed analogues were more effective than long-acting 
insulin analogues in lowering postprandial glucose. When compared with long-acting insulin 
analogues, insulin aspart 70/30 was significantly more effective in decreasing postprandial 
glucose (pooled mean difference = -22.6 mg/dL; 95-percent CI: -32.1 to -13.2 mg/dL; p < 
0.001), as were insulin lispro 75/25 (pooled mean difference = -23.6 mg/dL; 95-percent CI: -30.9 
to -16.4 mg/dL; p < 0.001) and insulin lispro 50/50 (pooled mean difference = -32.6 mg/dL; 95-
percent CI: -48.2 to -17.1 mg/dL; p < 0.001).  

As was true for their effect on postprandial glucose, premixed insulin analogues were also 
more effective than long-acting insulin analogues in lowering A1c levels. Insulin aspart 70/30 
produced a 0.48-percent greater decrease in A1c levels than did long-acting insulin analogues 
(95-percent CI: -0.61 to -0.34 percent; p < 0.001). Similarly, compared with long-acting insulin 
analogues, insulin lispro 75/25 lowered A1c levels by 0.33 percent (95-percent CI: -0.48 to -0.17 
percent; p < 0.001) and insulin lispro 50/50 lowered A1c levels by 0.40 percent (95-percent CI:  
-0.65 to -0.15 percent; p = 0.001).  

While effective in lowering postprandial glucose and A1c, premixed analogues increased the 
incidence of hypoglycemia and were associated with weight gain to a greater extent than the 
long-acting insulin analogues were. Use of insulin aspart 70/30 in randomized controlled trials 
was associated with a higher incidence of overall and minor hypoglycemia. Similarly, weight 
gain was significantly higher with insulin aspart 70/30 (pooled mean difference = 2.5 kg; 95-
percent CI: 1.6 to 3.4 kg; p < 0.001). Although the incidence of hypoglycemia was neither 
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consistent nor statistically significant across all trials, the direction of the individual study effect 
sizes suggested that both insulin lispro 75/25 and insulin lispro 50/50 may increase the incidence 
of hypoglycemia when compared with long-acting insulin analogues. In two studies, use of 
insulin lispro 50/50 resulted in a larger weight gain than long-acting insulin analogues did, 
although this effect reached statistical significance in only one study. None of the studies 
reported the comparative effects of insulin lispro 75/25 and long-acting insulin analogues on 
weight change. 

 
Premixed insulin analogues versus rapid-acting insulin analogues 
 

We found only two studies that compared premixed insulin analogues with rapid-acting 
insulin analogues. In one study, insulin aspart 70/30 was more effective than rapid-acting insulin 
aspart in decreasing fasting glucose levels (mean difference = -22.0 mg/dL; p < 0.001) but less 
effective in lowering postprandial glucose (mean difference = 15 mg/dL; p < 0.001). In contrast, 
insulin lispro 50/50 and rapid-acting insulin lispro showed similar efficacy in lowering fasting 
glucose (mean difference = 0 mg/dL; p > 0.05) or postprandial glucose (mean difference = 3.6 
mg/dL; p > 0.05) in another study. The results were identical in both studies in terms of A1c 
levels and the incidence of hypoglycemia, and there was no difference between insulin aspart 
70/30 or insulin lispro 50/50 and rapid-acting insulin analogues. In both studies, rapid-acting 
insulin analogues were associated with significantly more weight gain than insulin aspart 70/30 
(mean weight change = -1.0 kg; p = 0.005) or insulin lispro 50/50 (mean change in body mass 
index = 0.3 kg/m2; p = 0.048).  
 
Premixed insulin analogues versus a combination of long-acting and rapid-acting insulin 
analogues 
 

We found two parallel-arm trials (one randomized and one nonrandomized) that compared 
premixed insulin analogues with a combined regimen of long-acting insulin analogue (basal) and 
rapid-acting insulin analogue (bolus). The randomized trial found that the basal-bolus regimen 
was more effective than insulin lispro 50/50 in lowering fasting glucose (147 versus 159 mg/dL; 
p = 0.013), 2-hour postbreakfast glucose (155 versus 174 mg/dL; p = 0.002), and A1c (6.8 versus 
6.9 percent; p = 0.02). The incidence of overall, nocturnal, and severe hypoglycemia was similar 
for the two treatments. The nonrandomized prospective trial found that insulin aspart 70/30 was 
similar to the basal-bolus regimen in lowering fasting and postprandial glucose levels but was 
more effective in lowering A1c and was associated with fewer minor hypoglycemic events. Both 
studies found no difference in weight change between the two treatment regimens. 
  
Premixed insulin analogues versus premixed human insulin 
 

We found 16 studies that compared premixed insulin analogues with premixed human 
insulin. Premixed insulin analogues and premixed human insulin appeared to be similarly 
effective in lowering fasting glucose.  Premixed insulin analogues were more effective in 
lowering postprandial glucose. Premixed insulin analogues appeared to be similar to premixed 
human insulin in lowering A1c levels and the incidence of hypoglycemia. 

We found that insulin aspart 70/30 was less effective than premixed human insulin 70/30 in 
lowering fasting glucose (pooled mean difference = 8.3 mg/dL; 95-percent CI: 0.16 to 16.5 
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mg/dL; p = 0.04) but was more effective in lowering postprandial glucose (pooled mean 
difference = -18.5 mg/dL; 95-percent CI: -31.1 to -6.0 mg/dL; p = 0.004). Insulin aspart 70/30 
and premixed human insulin were similar in their ability to lower A1c (pooled mean difference = 
0.06 percent; 95-percent CI: -0.04 to 0.16 percent; p = 0.22). There was no difference between 
insulin aspart 70/30 and premixed human insulin in terms of the incidence of major or minor 
hypoglycemia (odds ratio [OR] = 0.52; 95-percent CI: 0.16 to 1.70; p = 0.28 and OR = 0.98; 95-
percent CI: 0.65 to 1.46; p = 0.91, respectively). Similarly, the two treatments were comparable 
in terms of their effect on weight change. 

Insulin lispro 75/25 was similar to premixed human insulin in lowering fasting glucose 
(pooled mean difference = 0.12 mg/dL; 95-percent CI: -6.05 to 6.29 mg/dL; p = 0.97) but more 
effective in lowering postprandial glucose (pooled mean difference = -17.8 mg/dL; 95-percent 
CI: -27.0 to -8.6 mg/dL; p < 0.001). Both treatment regimens were similar in lowering A1c and 
decreasing the incidence of hypoglycemia. 

Insulin lispro 50/50 was less effective than premixed human insulin in lowering fasting 
glucose in two studies (mean difference = 30.3 mg/dL; p < 0.001 and mean difference = 23 
mg/dL; p = nonsignificant) but more effective in lowering postprandial glucose (pooled mean 
difference = -30.3 mg/dL; 95-percent CI: -55.6 to -5.0 mg/dL; p = 0.02) and A1c (p < 0.05 in 
both studies). There was no difference in the incidence of hypoglycemia between the two studies. 

  
Premixed insulin analogues versus rapid-acting insulin analogues with intermediate-acting 
human insulin 
 

We found only one study that evaluated this comparison. This study did not report on the 
changes in fasting and postprandial glucose. Changes in A1c and the incidence of severe 
hypoglycemia did not differ between the two treatment regimens. The premixed insulin analogue 
group experienced significantly more weight gain.  
 
Premixed insulin analogues versus intermediate-acting insulin 
 

Only two studies evaluated this comparison. In one parallel-arm randomized study enrolling 
95 patients, NPH was given daily at 10:00 P.M. and insulin aspart 70/30 was given once daily 10 
minutes before dinner, with metformin being continued in both arms. In the second parallel-arm 
randomized study enrolling 403 patients, all oral antidiabetic agents were discontinued, and 
insulin aspart 70/30 and NPH were given immediately before breakfast and dinner. Both studies 
reported similar results; premixed insulin analogues were as effective as NPH (an intermediate-
acting insulin) in lowering fasting and postprandial glucose levels and A1c, and were similar in 
terms of the incidence of hypoglycemia and the frequency and magnitude of the weight gain 
produced. These results are in contrast to what would be expected on the basis of the 
pharmacokinetic and pharmacodynamic information available for the two agents and may reflect 
the study design characteristics or a low power of the studies to detect a difference. 
  
Premixed insulin analogues versus noninsulin antidiabetic agents 
 

Ten studies evaluated this comparison. Premixed insulin analogues were more effective than 
noninsulin antidiabetic agents in terms of glycemic control (lowering fasting glucose, 
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postprandial glucose, and A1c levels) but were also associated with an increased risk of 
hypoglycemia and weight gain.  

Insulin aspart 70/30 was more effective than oral antidiabetic agents in lowering fasting 
glucose (pooled mean difference = -13.9 mg/dL; 95-percent CI: -24.4 to -3.4 mg/dL; p = 0.009), 
postprandial glucose (pooled mean difference = -32.8 mg/dL; 95-percent CI: -62.5 to -3.1 
mg/dL; p = 0.03), and A1c (pooled mean difference = -0.52 percent; 95-percent CI: -1.0 to -0.04 
percent; p = 0.034). On the other hand, patients on insulin aspart 70/30 had a higher incidence of 
minor hypoglycemia (OR = 3.79; 95-percent CI: 1.7 to 8.5; p = 0.001) and symptom-only 
hypoglycemia (OR = 3.9; 95-percent CI: 1.2 to 12.4; p = 0.02) and experienced a larger weight 
gain (pooled mean difference = 2.8 kg; 95-percent CI: 0.6 kg to 5.0 kg; p = 0.01) than those on 
oral antihypoglycemic agents did.  

One study that compared a premixed insuin analogue (insulin aspart 70/30) to exenatide 
found that insulin aspart 70/30 was as effective as exenatide in lowering fasting glucose levels 
but was less effective in lowering postprandial glucose levels. There was no difference in terms 
of lowering A1c levels. Patients on exenatide lost weight, in contrast to the weight gain 
experienced by patients on premixed insulin analogues. However, more patients withdrew from 
the exenatide arm than from the premixed insulin analogue arm of the study. 

Insulin lispro 75/25 was also more effective than oral antidiabetic agents in lowering fasting 
glucose (pooled mean difference = -31.4 mg/dL; 95-percent CI: -45.7 to -17.1 mg/dL; p < 0.001) 
and postprandial glucose (pooled mean difference = -47.3 mg/dL; 95-percent CI: -63.5 to -31.0 
mg/dL; p < 0.001). Insulin lispro 75/25 was again more effective than oral antidiabetic agents in 
lowering A1c levels, although this effect did not reach statistical significance (pooled mean 
difference = -0.42 percent; 95-percent CI: -1.0 to 0.16 percent; p = 0.15). Insulin lispro 75/25 
was associated with a higher rate of overall hypoglycemia measured as episode/patient/30-day 
(rate ratio = 4.86; 95-percent CI: 0.5 to 49.5; p = 0.18) and larger weight gain (pooled mean 
difference = 1.88 kg; 95-percent CI: 1.35 to 2.41 kg; p < 0.001) when compared with oral 
antidiabetic agents. No studies compared insulin lispro 50/50 with oral antidiabetic agents. 

 
Premixed insulin analogues versus premixed insulin analogues 
 

We found only three studies that compared one premixed insulin analogue with another, and 
we saw no difference among these premixed insulin analogues (insulin aspart 70/30, insulin 
lispro 75/25, and insulin lispro 50/50) in terms of lowering fasting or postprandial glucose levels, 
A1c, or the incidence of hypoglycemia, or in terms of weight change. 
 
Premixed insulin analogues versus other antidiabetic medications: clinical outcomes 
 

We found only 16 studies that evaluated clinical outcomes such as mortality. No statistically 
significant differences were found between premixed insulin analogues and their comparators in 
terms of all-cause mortality, cardiovascular mortality, or cardiovascular morbidity. When 
premixed insulin analogues were compared with other antidiabetic medications, a suggestion of 
harm was seen in the pooled odds ratios for all-cause mortality, cardiovascular mortality, and the 
combined outcome of cardiovascular morbidity and mortality, but these point estimates were 
based on few absolute events in only a few studies, in which clinical outcomes were not the 
primary end points. Insufficient or no evidence was found with regard to microvascular 
outcomes.  

ES-6 



While the rosiglitazone and pioglitazone labels have warnings concerning increased 
congestive heart failure events in subjects who use insulin of any type in conjunction with these 
oral medications (compared with those who use insulin alone), we did not observe any 
congestive heart failure events in the few available studies, which reported few absolute events. 
In addition, rosiglitazone labels have warnings regarding the increased ischemic risk in patients 
who use rosiglitazone with insulin, as compared with insulin alone. The evidence was 
insufficient to allow us to determine whether this risk applied to premixed insulin analogues 
specifically. Until more data are available, physicians should be aware of these warnings.  

No evidence was found with regard to adherence. Six studies evaluated quality of life. No 
firm conclusions could be drawn because of the differences between studies in terms of outcome 
definitions, measurement techniques, populations, and comparators.  

 
Key Question 3: Effect of premixed insulin analogues in certain 
subpopulations 

 
We did not find any study that specifically explored the effect of premixed insulin analogues 

in specific subpopulations, such as the very elderly, those with comorbid conditions, or 
minorities.  

 
Key Question 4: Effect of premixed insulin analogues based on patient 
characteristics 

 
Comparison of premixed insulin analogues alone with premixed insulin analogues and oral 
antidiabetic agents 
 

We found three studies that compared using premixed insulin analogues alone with using a 
combination of a premixed insulin analogue plus an oral antidiabetic agent. These studies found 
that a combination of premixed insulin analogue and oral antidiabetic agent was probably more 
effective than a premixed analogue alone in lowering fasting glucose levels (insufficient data to 
be able to pool studies) and postprandial glucose levels (pooled mean difference = -5.8 mg/dL, 
95-percent CI: -15.7 to 4.1 mg/dL; p = 0.25). However, a combination of premixed insulin 
analogue plus oral antidiabetic agent was more effective than monotherapy with premixed 
insulin analogue in lowering A1c (pooled mean difference = 0.37 percent; 95-percent CI: 0.12 to 
0.62 percent; p = 0.004) without increasing the incidence of minor hypoglycemia (OR = 0.84; 
95-percent CI: 0.45 to 1.56; p = 0.6) or symptom-only hypoglycemia (OR = 1.1; 95-percent CI: 
0.77 to 1.6; p = 0.6). The effect on weight gain appeared to be related to the type of oral 
antidiabetic agent used with the premixed insulin analogue. In both studies in which metformin 
was the oral agent in the combination therapy, monotherapy with premixed insulin analogues 
resulted in greater weight gain. In one study in which pioglitazone was the oral agent in the 
combination therapy, monotherapy with premixed analogues was associated with less weight 
gain (4.0 versus 2.2 kg). 
 
Effect of premixed insulin analogues in patients with different intensities of glucose control 
 

We did not find any study that compared intensive glycemic control with standard glycemic 
control in patients using premixed insulin analogues. 
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Effect of premixed insulin analogues in patients with postprandial versus fasting blood 
glucose control 
 

We did not find any study that evaluated this question. 
 

Applicability 
 
All the identified studies were efficacy trials and not effectiveness trials; thus, the ability to 

generalize their findings to the U.S. population with diabetes as a whole and to current clinical 
practice is clearly limited. In general, the study populations reflected the age and sex 
composition of the U.S. population with diabetes. However, the spectrum of diabetic 
complications and comorbidities seen in the enrolled participants was limited. Some trials 
excluded insulin-naïve patients, while others excluded all insulin-treated patients. All trials either 
excluded patients with cardiac, renal, or hepatic disease or did not report whether or not such 
patients were included, thus limiting our ability to generalize their results to these 
subpopulations. 

 
Remaining Issues 

 
Gaps in evidence and future directions for research are outlined below. 

 
• There was only limited evidence to allow us to compare premixed insulin analogues 

with a regimen consisting of a long-acting insulin analogue (basal insulin) plus a 
rapid-acting insulin analogue (bolus insulin). Probably the most important 
comparative study that needs to be performed is to compare premixed insulin 
analogues with a basal-bolus regimen. 

• All the studies identified were of very short duration. Studies with a longer planned 
duration of followup are needed to allow us to ascertain whether the gains achieved 
early in treatment are sustainable in the long term and whether differences between 
the comparators appear later during the treatment. 

• The lack of effectiveness studies limited our ability to make generalizations from the 
reported results to all patients with diabetes in the United States. Studies designed to 
examine the effectiveness of premixed insulin analogues should be conducted with 
less restrictive inclusion criteria and in a setting that more closely mimics the usual 
clinical practice. 

• There were no, or only very limited, data specifically related to the comparative 
effectiveness of premixed insulin analogues and other antidiabetic agents in certain 
subpopulations. Patients with comorbid conditions, racial minorities, and very elderly 
patients need to be enrolled in studies examining the efficacy and effectiveness of 
premixed insulin analogues in these subpopulations.  

• Clinical outcomes need to be studied in order to better evaluate the safety of premixed 
insulin analogues, especially given the suggestion of increased mortality and 
cardiovascular morbidity seen in the pooled estimates from the available short-
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duration trials. Studies need to be sufficiently powered to make it possible to assess 
clinical outcomes. 

• Because diabetes is a chronic disease that requires different injection patterns and 
glucose testing depending on the type of medication regimen prescribed, evaluating 
patient adherence and quality of life for users of premixed insulin analogues 
compared with those on other diabetes regimens is critical. 
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Summary Table A. Summary of key findings on comparative effectiveness of premixed insulin 
analogues and other antidiabetic agents 

Outcome and 
comparison agent 

Strength of 
evidence Summary 

Fasting glucose   
Long-acting insulin 
analogues 

Moderate Premixed insulin analogues are similarly effective as long-acting 
insulin analogues alone in lowering fasting glucose. 

Rapid-acting insulin 
analogues 

Low The evidence was too weak to make a conclusion. 

Combination of long-
acting and rapid-
acting insulin 
analogues (basal-
bolus regimen) 

Low The evidence was too weak to make a conclusion. 

Premixed human 
insulin 

Moderate  Premixed insulin analogues are similarly effective as premixed 
human insulin preparations in lowering fasting glucose. 

Intermediate-acting 
human insulin  

Low The evidence was too weak to make a conclusion. 

Combination of 
intermediate-acting 
human insulin and 
rapid-acting insulin 
analogue 

No evidence There is no evidence for this comparison. 

Noninsulin 
antidiabetic agents 

Moderate Premixed insulin analogues are more effective than noninsulin 
antidiabetic agents in lowering fasting glucose. 

Premixed insulin 
analogues 

Low The evidence was too weak to make a conclusion. 

Postprandial glucose   
Long-acting insulin 
analogues 

High Premixed insulin analogues are better than long-acting insulin 
analogues alone in lowering postprandial glucose. 

Rapid-acting insulin 
analogues 

Low The evidence was too weak to make a conclusion. 

Combination of long-
acting and rapid-
acting insulin 
analogues (basal-
bolus regimen) 

Low The evidence was too weak to make a conclusion. 

Premixed human 
insulin 

High Premixed insulin analogues are better than NPH/regular 70/30 in 
lowering postprandial glucose. 

Intermediate-acting 
human insulin  

Low The evidence was too weak to make a conclusion. 

Combination of 
intermediate-acting 
human insulin and 
rapid-acting insulin 
analogue 

No evidence There is no evidence for this comparison. 

Noninsulin 
antidiabetic agents 

Moderate Premixed insulin analogues are better than oral antidiabetic agents in 
lowering postprandial glucose, although there is no evidence 
available for insulin lispro 50/50. 
There is not enough evidence to conclusively compare the new 
incretin mimetic agent exenatide to premixed insulin analogues in 
terms of lowering postprandial glucose. 

Premixed insulin 
analogues 

Low The evidence was too weak to make a conclusion. 

A1c  
Long-acting insulin 
analogues 

High Premixed insulin analogues are more effective than long-acting 
insulin analogues in lowering A1c. 
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Summary Table A. Summary of key findings on comparative effectiveness of premixed insulin 
analogues and other antidiabetic agents (continued) 

Outcome and 
comparison agent 

Strength of 
evidence Summary 

Rapid-acting insulin 
analogues alone or 
intermediate-acting 
insulin analogues 
alone 

Low The evidence was too weak to make a conclusion. 

Combination of long-
acting and rapid-
acting insulin 
analogues (basal-
bolus regimen) 

Low The evidence was too weak to make a conclusion. 

Premixed human 
insulin 

High Premixed insulin analogues are as effective as NPH/regular 70/30 in 
lowering A1c. 

Intermediate-acting 
human insulin (used 
alone)  

Low The evidence was too weak to make a conclusion. 

Combination of 
intermediate-acting 
human insulin and 
rapid-acting insulin 
analogue 

Low The evidence was too weak to make a conclusion. 

Noninsulin 
antidiabetic agents 

Moderate Premixed insulin analogues are more effective than oral antidiabetic 
agents in lowering A1c. 
There is not enough evidence to allow us to conclusively compare 
exenatide to premixed insulin analogues. 

Premixed insulin 
analogues 

Low The evidence was too weak to make a conclusion. 

All-cause mortality, 
cardiovascular 
disease mortality and 
morbidity1 

Low No statistically significant differences in all-cause mortality (OR = 
2.93; 95% CI: 0.95 to 9.05), cardiovascular mortality (OR = 6.80; 95% 
CI: 0.87 to 53.12), cardiovascular morbidity (OR = 0.86; 95% CI: 0.49 
to 1.52), or the combined outcome of all-cause mortality and 
cardiovascular morbidity (OR = 2.10; 95% CI: 0.87 to 5.10) were 
found between premixed insulin analogues and other diabetes 
medications in these short-duration randomized controlled trials. 
Low absolute numbers of events in short-duration trials in which 
clinical events were not the primary outcomes made it difficult to draw 
any firm conclusions regarding clinical outcomes. 

Nephropathy Low The evidence was too weak to make a conclusion. 
Retinopathy and 
neuropathy 

No evidence No studies evaluated other clinical outcomes, such as retinopathy 
and neuropathy. 

Hypoglycemia  Many of the comparisons were made in too few studies to allow us to 
draw any conclusions. 
The effect of premixed insulin analogues on the incidence of serious 
hypoglycemia cannot be conclusively addressed because of the very 
small numbers of serious hypoglycemic events reported in the 
studies. 

Long-acting insulin 
analogues 

High Premixed insulin analogues are more likely to be associated with 
hypoglycemia than long-acting insulin analogues are. 

Rapid-acting insulin 
analogues 

Low The evidence was too weak to make a conclusion. 

Combination of long-
acting and rapid-
acting insulin 
analogues (basal-
bolus regimen) 

Low The evidence was too weak to make a conclusion. 

Premixed human 
insulin 

High Premixed insulin analogues are similar to premixed human insulin 
preparations in terms of the frequency of hypoglycemia reported. 
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Summary Table A. Summary of key findings on comparative effectiveness of premixed insulin 
analogues and other antidiabetic agents (continued) 

Outcome and 
comparison agent 

Strength of 
evidence Summary 

Intermediate-acting 
human insulin (used 
alone) 

Low The evidence was too weak to make a conclusion. 

Combination of 
intermediate-acting 
human insulin and 
rapid-acting insulin 
analogue 

Low The evidence was too weak to make a conclusion. 

Noninsulin 
antidiabetic agents 

High Premixed insulin analogues are associated with a higher frequency of 
hypoglycemic events than oral antidiabetic agents are. 

Premixed insulin 
analogues 

Low The evidence was too weak to make a conclusion. 

Weight change  There is not enough evidence to allow us to conclusively compare the 
weight change after treatment with premixed insulin analogues 
versus the change after treatment with other antidiabetic drugs, 
except as noted below. 

Long-acting insulin 
analogues 

Moderate Premixed insulin analogues may cause more weight gain than long-
acting insulin analogues do. 

Rapid-acting insulin 
analogues 

Low Premixed insulin analogues may cause less weight gain than rapid-
acting insulin analogues do. 

Combination of long-
acting and rapid-
acting insulin 
analogues (basal-
bolus regimen) 

Low The evidence was too weak to make a conclusion. 

Premixed human 
insulin 

Moderate Premixed insulin analogues may be similar to premixed human 
insulin preparations in their effect on weight change. 

Intermediate-acting 
human insulin  

Low The evidence was too weak to make a conclusion. 

Combination of 
intermediate-acting 
human insulin and 
rapid-acting insulin 
analogue 

Low Premixed insulin analogues may be associated with weight gain 
compared with a combination of intermediate-acting human insulin 
and rapid-acting insulin analogue. 

Noninsulin 
antidiabetic agents 

Moderate Premixed insulin analogues cause weight gain compared with oral 
antidiabetic agents considered as a group.  

Premixed insulin 
analogues 

No evidence There is no evidence for this comparison. 

Adherence No evidence There is no evidence for adherence in terms of the comparisons of 
interest. 

Quality of life Low No significant difference was noted in the 3 studies that compared 
premixed insulin analogues with other antidiabetic agents and used a 
validated quality-of-life instrument. 
No firm conclusions can be drawn regarding quality-of-life outcomes 
because of the differences between studies in outcome definitions, 
measurement techniques, populations, and comparators. 

Effect of premixed 
insulin analogues in 
certain 
subpopulations 

No evidence We did not find any study that specifically explored the effect of 
premixed insulin analogues in specific subpopulations, such as the 
very elderly, those with comorbid conditions, or minorities. 

Effect of premixed 
insulin analogues in 
patients taking oral 
antidiabetic agents 

Low The evidence was too weak to make a conclusion. 
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Summary Table A. Summary of key findings on comparative effectiveness of premixed insulin 
analogues and other antidiabetic agents (continued) 

Outcome and 
comparison agent 

Strength of 
evidence Summary 

Effect of premixed 
insulin analogues in 
patients with different 
intensities of glucose 
control 

No evidence We did not find any study that evaluated this question. 

Effect of premixed 
insulin analogues in 
patients requiring 
postprandial versus 
fasting blood glucose 
control 

No evidence We did not find any study that evaluated this question. 

 

1While the rosiglitazone and pioglitazone labels have warnings concerning increased congestive heart failure events in subjects 
who use insulin of any type in conjunction with these oral medications (versus insulin alone), we did not observe any congestive 
heart failure events in these few studies, which reported only very few absolute events. In addition, rosiglitazone labels have 
warnings regarding increased ischemic risk in patients who use rosiglitazone with insulin compared to those who use insulin 
alone. There was insufficient evidence to allow us to determine whether this risk applies to premixed insulin analogues 
specifically. Until more data are available, physicians should be aware of these warnings. 
 
Abbreviations: A1c = hemoglobin A1c; CI = confidence interval; NPH = neutral protamine Hagedorn (an intermediate-acting 
insulin); OR = odds ratio. 
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Summary Figure A. Key findings on comparative effectiveness of individual premixed 
insulin analogues and other antidiabetic agents 

  Long- 
acting 

Rapid-
acting 

Long + 
rapid 

Premixed 
human 
insulin 

NPH NPH + 
rapid 

Noninsulin 
antidiabetic 

FG 

IA 70/30 ↔  ↓*   ↔*  ↑  ↔* X  ↓ 

IL 75/25 ↑  X*  X  ↔  X  X  ↓ 

IL 50/50 ↑  ↔*  ↑*  ↑  X  X  X 

PPG 

IA 70/30 ↓  ↑*  ↔* ↓  ↔* X  ↓ 

IL 75/25 ↓  X  X  ↓  X  X  ↓ 

IL 50/50 ↓  ↔*  ↑*  ↓  X  X  X 

A1c 

IA 70/30 ↓  ↔§* ↓*  ↔  ↔* ↔*  ↓ 

IL 75/25 ↓  X  X  ↔  X  X  ↔ 

IL 50/50 ↓  ↔*  ↑*  ↓  X  X  X 

Hypogly-
cemia 

IA 70/30 ↑  ↔*  ↓*  ↔  ↔* ↔*  ↑ 

IL 75/25 ↑*  X  X  ↔  X  X  ↔ 

IL 50/50 ↑  ↔*  ↔* ↔  X  X  X 
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Summary Figure A. Key findings on comparative effectiveness of individual premixed 
insulin analogues and other antidiabetic agents (continued) 

  Long- 
acting 

Rapid-
acting 

Long + 
rapid 

Premixed 
human 
insulin 

NPH NPH + 
rapid 

Noninsulin 
antidiabetic 

Weight 
change 

IA 70/30 ↑  ↓*  ↔* ↔  ↔* ↑*  ↑ 

IL 75/25 X  X  X  ↔  X  X  ↑ 

IL 50/50 ↑*  ↑*  ↔* ↔  X  X  X 

↑  = variable increases with premixed  analogue versus comparator 

↓  = variable decreases with premixed  analogue versus comparator 

↔  = premixed analogue and comparator have same effect on variable 

X  = no studies have looked at the comparison 

* = overall evidence is not of sufficient strength 

§ = benefit with premixed insulin analogue almost reached statistical 
significance 

 
Note: A1c = hemoglobin A1c; FG = fasting glucose; IA 70/30 = insulin aspart 70/30; IL 75/25 = insulin lispro 75/25; IL 50/50 = 
insulin lispro 50/50; long + rapid = combination of long-acting and rapid-acting insulin analogues; long-acting = long-acting 
insulin analogues; NPH + rapid = combination of intermediate-acting human insulin and rapid-acting insulin analogue; NPH = 
neutral protamine Hagedorn (an intermediate-acting insulin); PPG = postprandial glucose; rapid-acting = rapid-acting insulin 
analogues. 



 

 



Introduction 
 
Background 
 

Optimal control of hyperglycemia in diabetics is of paramount importance for preventing or 
delaying the occurrence of diabetic complications. The United Kingdom Prospective Diabetes 
Study (UKPDS) found that intensive control of blood glucose in patients with type 2 diabetes 
mellitus (type 2 diabetes) resulted in a 10 percent risk reduction in diabetes-related mortality and 
a 25 percent risk reduction in microvascular complications when compared to conventional 
control of blood glucose.1 Although oral antidiabetic agents are used as first-line agents in 
patients with type 2 diabetes, insulin is required in a significant number of patients at some stage 
during the management of their diabetes in order to maintain optimal glycemic control. 
According to the National Health Interview Survey (NHIS), 28 percent of patients with type 2 
diabetes are using insulin either alone (16 percent) or in combination with other oral antidiabetic 
agents (12 percent).2 

Insulin replacement regimens can be either near-physiologic (prescribed to mimic the natural 
release of insulin from the beta-cells of the human pancreas) or non-physiologic (all other 
regimens). Physiologic insulin replacement regimens consist of a bolus of insulin administered at 
specific times in relation to meals in order to mimic the release of insulin from the beta-cells in 
response to food intake. In addition, some formulations of longer-acting insulin are prescribed to 
mimic the constant release of insulin that regulates hepatic gluconeogenesis and lipolysis.3,4 
Although type 2 diabetic patients are reluctant to start insulin therapy,5 insulin generally 
improves their quality of life.6 However, the addition of insulin to their treatment regimen may 
result in decreased flexibility in the timing of meals and activities, increased frequency of blood 
glucose monitoring, and increased risk of weight gain and hypoglycemia.4 Moreover, the need 
for multiple injections of short-acting (bolus insulin) and long-acting (basal insulin) agents may 
decrease patients’ overall satisfaction with their treatment regimens. 

Premixed insulin preparations offer a therapeutic alternative to multiple insulin injections 
that is also convenient for patients. These preparations are appropriate for patients who: (1) 
desire a convenient and simple insulin regimen; (2) are unwilling to administer multiple daily 
injections or use an insulin pump; (3) are unwilling or cannot undertake carbohydrate counting; 
(4) have a relatively predictable (routine) lifestyle; and (5) consume meals with approximately 
the same composition of calories, carbohydrates, fats, and fiber at fairly consistent and 
reproducible times every day.7,8 

Insulin analogues are related to human insulin and produced using recombinant DNA 
technology. These analogues have minor changes in their structure that impart pharmacokinetic 
properties that more closely mimic endogenous insulin secretion. In premixed insulin analogue 
preparations, insulins are mixed with their own protamine suspensions, slowing their release. 

Three premixed insulin preparations are available commercially in the United States (see 
Figure 1). Insulin aspart 70/30, marketed by Novo Nordisk as NovoLog™ Mix 70/30, is an 
insulin aspart suspension containing 70 percent insulin aspart protamine crystals and 30 percent 
soluble insulin aspart. Insulin lispro 75/25, marketed by Eli Lilly as Humalog™ 75/25, is a 
mixture of 75 percent insulin lispro protamine suspension and 25 percent rapid-acting insulin 
lispro solution. Insulin lispro 50/50, marketed by Eli Lilly as Humalog™ 50/50, is a mixture of 
50 percent insulin lispro protamine suspension and 50 percent rapid-acting insulin lispro solution 
(see Table 1).  
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Figure 1. Simplified structural diagram of two rapid-acting insulin analogues that are included in premixed 
insulin analogue preparations  
 

 
(a) Insulin aspart (NovoLog®): The proline at position B28 of the human insulin beta (B)-chain is replaced by aspartic acid (Asp, 
circled in red). (b) Insulin lispro (Humalog®): The positions of the lysine at position B29 and the proline at position B28 (circled 
in red) are reversed when compared to those in the B-chain of human insulin. 
Source: Figure derived from information provided in the package insert.16-18 

 
Table 1. Pharmacokinetic characteristics of selected insulin preparations 

Insulin product Time to peak activity 
Percentage of total 

activity in first 4 hours 
Duration of action 

(hours) 
Insulin glargine No pronounced peak NA 24 
NPH 6-12 hours 14% 18-24 
Insulin detemir 6-8 hours NA 5.7-23.2* 
Insulin lispro 30-90 minutes 70% 3-4 
Insulin aspart 60-180 minutes 65% 3-5 
Insulin aspart 70/30 60-240 minutes 45% 18-24 
Insulin lispro 75/25 2.6 hours 35% 18-24 
Insulin lispro 50/50 2.3 hours 45% 18-24 
NPH/regular 70/30 4.2 hours 25% 18-24 
NPH/regular 50/50 4.0 hours 54% 18-24 
Source: Package inserts and UptoDate 15.3 (www.uptodate.com) 
*Depends on the dose; shorter duration of action is for smaller doses, longer for larger doses. 
NA = not available; NPH = neutral protamine Hagedorn 

 
In the management of type 2 diabetes, the place of premixed insulin analogues in relation to 

other insulin regimens and noninsulin antidiabetic agents is unclear. They may provide a more 
physiologic glucose-lowering profile, thus providing better glycemic control (see Figure 2). In 
addition, as compared to premixed human insulin preparations (such as NPH/regular 70/30), 
premixed insulin analogues allow patients more flexibility in timing their meals, since these 
insulin preparations can be administered within 15 minutes before a meal. 

Several studies have found that insulin aspart 70/30 and insulin lispro 75/25 lower 
postprandial glucose levels to a greater degree than does NPH/regular 70/30,9-12 although the 
timing of NPH/regular 70/30 may have affected the results in two studies.11,12 However, the 
degree of improvement achieved in hemoglobin A1c, however, has been equivalent for the 
premixed insulin analogues and NPH/regular 70/30, despite improvement in postprandial  
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Figure 2. A simplified schematic diagram of insulin activity in nondiabetic subjects after injection 

 
(a) Insulin aspart 70/30 and human insulin 70/30, (b) insulin lispro 75/25 and human insulin 75/25, and (c) insulin lispro 50/50 
and human insulin 50/50. 
Source: Figure derived from information provided in the package insert.16-18 

 
glucose in a number of studies.9,10,13 Similarly, several studies have found that the rate of side-
effects, such as hypoglycemia, is similar for premixed insulin analogues and premixed human 
insulins.10,14,15 

Given the increasing prevalence of type 2 diabetes, the large number of patients who use 
insulin for glycemic control, and the importance of glycemic control in decreasing mortality and 
preventing long-term complications, it is important to establish the weight of evidence for the 
safety and effectiveness of these newer insulin therapies, as compared to those of traditional 
insulin regimens.  

We have therefore performed a systematic review of published studies on the comparative 
effectiveness and safety of all the premixed insulin analogues that are approved by the Food and 
Drug Administration (FDA) and available in the United States. A comparison of the intermediate 
outcomes and clinical outcomes of these analogues to those of other antidiabetic treatments may 
give clinicians a better sense of how to choose the appropriate treatment for type 2 diabetic 
patients. In addition, the results presented here may provide policymakers, pharmacy benefit 
managers, and insurers with useful insights as they consider policies relating to medication 
coverage. 
 
Conceptual Model 

 
Our conceptual model (see Figure 3) summarizes the premixed insulin analogues, their main 

comparators, and their effects on intermediate and clinical outcomes, including potential adverse 
events. Premixed insulin analogues were developed to affect intermediate outcomes such as 
fasting glucose, postprandial glucose, and A1c. We call these intermediate outcomes and not 
clinical outcomes, since these are blood tests that are relevant only because of their relationship 
to clinical outcomes such as mortality. We visualize intermediate outcomes as being connected 
to metabolic derangements in the body on one hand and to clinical outcomes on the other, thus 
occupying an intermediate place in the development of diabetic complications. 
Premixed insulin analogues and other antidiabetic agents may affect clinical outcomes directly or 
may do so indirectly by altering intermediate outcomes. Use of these medications may also be 
associated with adverse effects. These medications can also affect the patients’ quality of life in 
the short-term because of the need for frequent injections and symptoms or because of the 
anxiety associated with poor glycemic control. The quality of life can also be affected in the 
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Figure 3. Conceptual framework of premixed insulin analogues  

 
 

Safety and Adverse Events
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On the left-hand side are the two groups of antidiabetic agents that need to be compared. In the middle are the subpopulations of patients that are also of interest (in addition to all 
type 2 diabetes patients). On the right, are the outcomes of interest that we aimed to study. The boxes within the larger box represent the relationships between various outcomes as 
we saw them in our conceptual model for this systematic review. 
NPH = neutral protamine Hagedorn 

 



long-term as a result of the effects on overall morbidity and mortality. Adherence to treatment is 
another important aspect of insulin administration that not only determines intermediate and 
clinical outcomes but also quality of life. Intermediate and clinical outcomes, safety and adverse 
events, and quality of life are affected not only by important population variables such as age and 
comorbid conditions but also by the intensity of intended glucose control and the target chosen 
for glucose control.  

Because this was a comparative effectiveness review, we focused on the outcome measures 
that are routinely used in clinical practice and are known to help in optimizing glucose control. 
We did not evaluate outcomes that were not used in clinical practice, such as area under the 
curve or glucose excursions after premixed insulin analogue injection. 

 
Scope and Key Questions 

 
This systematic review was commissioned by the Agency for Healthcare Research and 

Quality (AHRQ) to address the following key questions: 
 
5. In adults (age ≥ 18 years) with type 2 diabetes, what is the effectiveness of premixed 

insulin analogues (insulin aspart 70/30, insulin lispro 75/25, insulin lispro 50/50) in 
achieving optimal glycemic control, as compared to insulin regimens including, but not 
necessarily limited to, the following preparations? 
a. Premixed human insulin preparations (neutral protamine Hagedorn [NPH]/regular 

70/30, NPH/regular 50/50) 
b. Long-acting insulin analogues (insulin detemir, insulin glargine) administered alone 
c. Intermediate-acting human insulin (NPH insulin) administered alone 
d. Short-acting human insulin (regular insulin) administered prandially 
e. Rapid-acting insulin analogues (insulin aspart, insulin glulisine, insulin lispro) 

administered separately (prandially) with a long-acting insulin analogue (insulin 
detemir, insulin glargine) 

 
6. For adults with type 2 diabetes, do premixed insulin analogues differ from other 

commonly used insulin preparations with regard to safety, adverse effects, or adherence? 
The adverse effects of interest include, but are not limited to, hypoglycemia (nocturnal 
and daytime), weight gain, and interactions with other medications. 

 
7. Does the effectiveness or safety of the new premixed insulin analogue regimens vary 

across the following subpopulations of patients with type 2 diabetes 
a. The elderly (≥ 65 years), very elderly (≥ 85 years) 
b. Other demographic groups (ethnic or racial groups, genders) 
c. Individuals with comorbid medical conditions 
d. Individuals with limited life expectancy 
e. Individuals with disabilities 

 
4. What is the effectiveness and safety of the new premixed insulin analogue regimens in 

individuals on oral antidiabetic agents and individuals with different blood glucose 
patterns (such as fasting hyperglycemia or postprandial hyperglycemia) or types of 
control (such as tight control, usual control, good fasting or postprandial control)?  
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Methods 
 

In response to Section 1013 of the Medicare Modernization Act, the AHRQ requested an 
evidence report to synthesize the evidence on the comparative effectiveness and safety of 
premixed insulin analogues and other antidiabetic agents. Our Evidence-based Practice Center 
(EPC) established a team and a work plan to develop the evidence report. The project consisted 
of formulating and refining the specific questions, performing a comprehensive literature search, 
summarizing the state of the literature, constructing evidence tables, synthesizing the evidence, 
and submitting the report for peer review. 
 
Topic Development 
 

The topic for this report was nominated in a public process. With input from technical 
experts, the Scientific Resource Center for the AHRQ Effective Health Care Program drafted the 
initial Key Questions and, after approval from the AHRQ, posted them to a public Web site. The 
public was invited to comment on these questions. After reviewing the public commentary, the 
Scientific Resource Center drafted final Key Questions and submitted them to the AHRQ for 
approval. 
 
Search Strategy 
 

We searched the following databases for primary studies during the stipulated periods of 
time: MEDLINE® (1966 to February 2008), EMBASE® (1974 to February 2008), the Cochrane 
Central Register of Controlled Trials (CENTRAL; 1966 to February 2008), and the Cumulative 
Index to Nursing & Allied Health Literature (CINAHL®; 1982 through February 2008). The 
electronic search was first conducted in August 2007 and then repeated in February 2008. We 
developed a search strategy for MEDLINE, accessed via PubMed, based on an analysis of the 
medical subject headings (MeSH) terms and text words of key articles identified a priori. Our 
search strategy combined terms for type 2 diabetes and premixed insulin analogues. The PubMed 
strategy formed the basis for the strategies developed for the other electronic databases (see 
Appendix A). 

We hand-searched 13 journals that were most likely to publish articles on this topic (see 
Appendix B), scanning the table of contents of each issue for relevant citations from June 
through September 2007. We also reviewed the reference lists of included articles.  

In addition, we received the following material from the Scientific Resource Center: 
 
• Medical reviews and labels of insulin aspart 70/30, insulin lispro 75/25, and insulin lispro 

50/50 obtained from the Web site of the United States FDA. 
• Scientific Discussion sections of the European Public Assessment Report obtained from 

the Web site of the European Medicines Agency (EMEA). 
• Public registries of clinical trials, such as the Clinical Study Results Web site 

(www.clinicalstudyresults.org) and ClinicalTrials.gov (www.clinicaltrials.gov). 
• Scientific information packets submitted by Eli Lilly and Company (Indianapolis, IN) 

and Sanofi-Aventis (Bridgewater, NJ). We requested, but did not receive, a scientific 
information packet from Novo Nordisk (Bagsværd, Denmark). 
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The search results were downloaded and imported into ProCite® version 5 (ISI ResearchSoft, 
Carlsbad, CA). We scanned for exact article duplicates, author/title duplicates, and title 
duplicates using the duplication check feature. From ProCite®, the articles were uploaded to 
SRS© 4.0 (TrialStat! Corporation, Ottawa, Ontario, Canada), a Web-based software package 
developed for systematic review data management. This database was used to track the search 
results at the title review, abstract review, article inclusion/exclusion, and data abstraction levels. 
A list of excluded articles is presented in Appendix C. 
 
Study Selection 
 

Study selection proceeded in two phases: title review and abstract review. Two independent 
reviewers conducted title scans in a parallel fashion. For a title to be eliminated at this level, both 
reviewers had to indicate that it was ineligible. If the two reviewers did not agree on the 
eligibility of an article, it was promoted to the next level (see Appendix D). The title review 
phase was designed to capture as many studies reporting on the efficacy or safety of premixed 
insulin analogues as possible. All titles that were thought to address efficacy, effectiveness, 
safety, or quality of life were promoted to the abstract review phase. Titles generally included 
terms related to type 2 diabetes or insulin treatment. 

The abstract review phase was designed to identify studies comparing the effects of premixed 
insulin analogues and other antidiabetic agents on clinical outcomes, intermediate outcomes, 
safety and adverse events, quality of life, or adherence. While quality of life was not a 
specifically stated outcome in the Key Questions, we included these outcomes because they may 
indirectly affect patient adherence. Abstracts were reviewed independently by two investigators 
and were excluded if both investigators agreed that the article met one or more of the exclusion 
criteria (see inclusion and exclusion criteria listed in Table 2 and Appendix D). Differences in 
opinion regarding abstract inclusion or exclusion were resolved through consensus adjudication. 

Full-text articles initially selected on the basis of abstract review underwent another 
independent parallel review by the investigators to determine whether they should be included in 
the full data abstraction (see Appendix D). Differences of opinion regarding article inclusion 
were resolved through consensus adjudication. 
 
Data Abstraction 
 

We used a systematic approach for extracting data to minimize the risk of bias in this 
process. By creating standardized forms for data extraction, we sought to maximize consistency 
in identifying all the pertinent data available for synthesis.  

Each article underwent double review by the study investigators, at the levels of data 
abstraction and assessment of study quality. The second reviewer confirmed the first reviewer’s 
data abstraction forms for completeness and accuracy. Reviewer pairs were formed to include 
personnel with both clinical and methodological expertise. Reviewers were not masked to the 
articles’ authors, institution, or journal.19 In most instances, data were directly abstracted from 
the article. If possible, relevant data were also abstracted from figures. Differences in opinion 
were resolved through consensus adjudication. For assessments of study quality, each reviewer 
independently judged study quality and rated items on quality assessment forms (see Appendix 
D). 
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Table 2. Criteria for inclusion in the reviews 
Population 
and 
condition of 
interest 

□ All studies included patients with type 2 diabetes, non-insulin-dependent diabetes mellitus, 
or adult-onset diabetes. We excluded studies if fewer than 75 percent of the study 
population had type 2 diabetes and there was no separate analysis for those with type 2 
diabetes.  

□ All studies included human subjects. 
□ We excluded studies if they included only subjects less than or equal to 18 years of age. 

Interventions □ All studies must have evaluated a premixed insulin analogue of interest.  
o We only considered premixed insulin analogues that have been approved by the FDA: 

insulin aspart 70/30, insulin lispro 75/25, and insulin lispro 50/50. 
Comparisons 
of interest 

□ All studies must have compared a premixed insulin analogue to another antidiabetic agent. 
Other antidiabetic agents included, but were not limited to: 
o Long-acting insulin analogues (insulin detemir, insulin glargine) 
o Rapid-acting insulin analogues (insulin aspart, insulin glulisine, insulin lispro) 
o Rapid-acting insulin analogues in combination with long-acting insulin analogues 
o Premixed human insulin (NPH/regular 70/30, NPH/regular 50/50) 
o Intermediate-acting human insulin (NPH insulin) 
o Short-acting human insulin (regular insulin) 
o Noninsulin antidiabetic agents (e.g., oral antidiabetic agents, exenatide) 
o Placebo, diet, or usual care 
o Any combination of the above 

Outcomes □ We excluded studies that did not apply to the key questions. 
□ We included studies that evaluated at least one of the following outcomes: 

o Clinical outcomes (mortality, cardiovascular disease mortality and morbidity, 
nephropathy, retinopathy, and neuropathy)  

o Intermediate outcomes (A1c, fasting glucose, pre-dinner glucose, and postprandial 
glucose before and after dinner)  

o Safety and adverse events (hypoglycemia, weight gain, injection site skin reactions, 
other and serious adverse events)  

o Quality of life, or  
o Adherence. 

Type of 
study 

□ We excluded articles not written in English, editorials, comments, letters, and abstracts.  
□ We included RCTs, controlled clinical trials, and observational studies with controls. 
□ Studies were not limited on the basis of their duration or sample size. 

A1c = hemoglobin A1c; FDA = Food and Drug Administration; NPH = neutral protamine Hagedorn; RCT = randomized 
controlled trial; type 2 diabetes = type 2 diabetes mellitus 
 

Reviewers extracted information on general study characteristics (e.g., study design, study 
period and followup, country, exclusion criteria), study participants (e.g., age, gender, race, 
weight/body mass index (BMI), A1c levels, duration of diabetes, and previous treatments), 
interventions (e.g., starting, mean, and range of doses, timing, and duration of use), outcome 
measures, and the results of each outcome, including measures of variability (see Appendix D). 

All information from the article review process was entered into the SRS© 4.0 database by 
the individual completing the review. Reviewers entered comments into the system whenever 
applicable.  
 
Quality Assessment 
 

We developed a quality assessment tool for randomized controlled trials (RCTs) and 
nonrandomized studies based on the Jadad criteria20 and the Newcastle-Ottawa Scale;21 this tool 
was supplemented with additional questions as suggested by the Guide for Conducting 
Comparative Effectiveness Reviews.22 The quality of each study was assessed using the 
following criteria: (1) whether the study question was clearly stated; (2) whether the patients, 
providers, or outcome assessors were blinded; (3) what method was used to assess the primary 
outcome; (4) whether the followup was long enough for outcomes to occur; (5) the adequacy of 
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the followup; (6) whether there was a description of those lost to followup; (7) whether the main 
conclusions were reflective of the results; (8) what funding source was identified; and (9) 
whether there was a statement of conflict of interest. In addition, RCTs were evaluated with 
regard to the appropriateness of their randomization scheme. Nonrandomized studies were also 
evaluated with regard to the selection of the comparison group, the ascertainment of exposure, 
the demonstration that the outcome of interest was not present at the start of the study, and the 
adjustment for key confounders. Reviewers rated the overall quality of each study as: 

• Good (low risk of bias). These studies had the least bias, and the results were considered 
valid. These studies adhered to the commonly held concepts of high quality, including the 
following: a formal randomized controlled design; a clear description of the population, 
setting, interventions, and comparison groups; appropriate measurement of outcomes; 
appropriate statistical and analytic methods and reporting; no reporting errors; a low 
dropout rate; and clear reporting of dropouts. 

• Fair. These studies were susceptible to some bias, but not enough to invalidate the 
results. They did not meet all the criteria required for a rating of good quality because 
they had some deficiencies, but no flaw was likely to cause major bias. The study may 
have been missing information, making it difficult to assess limitations and potential 
problems. 

• Poor (high risk of bias). These studies had significant flaws that imply biases of various 
types that might have invalidated the results. They had serious errors in design, analysis, 
or reporting; large amounts of missing information; or discrepancies in reporting.22  

 
Applicability 
 

Throughout the report, we discuss the applicability of studies in terms of how well the study 
population was consistent with the general population of individuals with type 2 diabetes. We 
evaluated the applicability in terms of (1) the source population from which the subjects were 
enrolled; (2) the percentage of patients enrolled, as compared to those screened for the trial; (3) 
the percentage of patients excluded during a run-in period because of poor compliance, poor 
treatment response, or side-effects; (4) the similarity of the demographic characteristics of the 
study population to the general U.S. diabetic population;23 (5) the representativeness of the 
spectrum of illness severity to all stages of illness; (6) the degree to which the study reflected 
current clinical practice with regard to the intervention and monitoring; (7) the appropriateness 
of the comparator; (8) the extent and quality of the reporting on important clinical outcomes and 
adverse events; and (9) the similarity of the standards of care to that of the U.S.  
 
Data Analysis and Synthesis 
 

For each Key Question, we created a set of detailed evidence tables containing all the 
information extracted from eligible studies. We conducted meta-analyses for outcomes when 
there were sufficient data (two or more trials) and studies were homogenous with respect to key 
variables (population characteristics, study duration, and drug dose).  
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Data Synthesis for Intermediate Outcomes and Adverse Events 
 

For intermediate outcomes and the adverse outcome of weight change, we recorded the mean 
difference between groups, along with its measure of dispersion. If this information was not 
reported, we calculated the point estimate using the mean difference from baseline for each 
group. If the mean difference from baseline was not reported, we calculated this value from the 
baseline and final values for each group. If no measure of dispersion was reported for the 
between-group difference, we calculated this value using the sum of the variances for the mean 
difference from baseline for each group. If there were no measures of dispersion for the mean 
difference from baseline for each group, we then calculated the variance using the standard 
deviation of the baseline and final values, assuming a correlation between baseline and final 
values of 0.5.24,25 If data were only presented in graphical form, we abstracted data from the 
graphs. We pooled the results of the plasma and blood glucose levels from different studies, 
since blood glucose measurements accurately reflect plasma glucose levels.26 

For the adverse outcome of hypoglycemia, we used two strategies to synthesize data: If a trial 
reported the incidence of hypoglycemia (number of patients who developed hypoglycemia), we 
calculated an odds ratio using the incidence of hypoglycemia in each study group. If a trial 
reported event rates in episodes per patient per 30 days, we calculated the rate ratio by dividing 
the event rate in the premixed insulin analogue arm by the event rate in the comparator arm. If a 
trial reported the number of episodes in each arm or study period or reported an event rate in a 
form other than episodes per patient per 30 days, we converted this information into episodes per 
patient per 30 days and used this event rate to calculate the rate ratio in the two arms or study 
periods of the trial. 

Following a qualitative synthesis of the literature, we pooled the results of individual studies 
within each set of comparisons using Comprehensive Meta-Analysis (version 2.2.046) software. 
Because we found some clinical heterogeneity within the same-group comparisons, we decided 
to use a random-effects model. We chose a random-effects model because it assumes that the 
included studies differ from each other more than would be expected as a result of random error, 
and it incorporates between-study heterogeneity in pooling study results, thus giving a more 
conservative estimate of the confidence interval (CI) around the point estimate of the effect size. 
In contrast, a fixed-effect model assumes that studies differ from each other as a result of random 
error alone, and it gives narrower CIs around the point estimates of the effect size. Another 
advantage of using a random-effects model is that if there is no between-study heterogeneity and 
the studies differ from each other only as a result of random error, the CIs from random-effects 
and fixed-effects models are similar. Thus, the use of a random-effects model is not over-
conservative in the absence of between-study heterogeneity. Although we measured the Q-
statistic and I-square index, we did not use these statistics to choose the model for pooling data, 
since tests for homogeneity are known to have low power for detecting between-study 
heterogeneity.27,28 Given the limited number of studies in each comparison group, we did not 
perform meta-regression to evaluate the effect of study variables on the outcomes. To evaluate 
excessive influence of a study on the results of meta-analysis, we conducted sensitivity analyses 
by excluding one study from the meta-analysis at a time and examining the change in the meta-
analysis results. We assessed publication bias by visual inspection of the funnel plot and by 
statistical means using Begg’s29, Egger’s30 and trim-and-fill31 tests. 
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Data Synthesis for Clinical Outcomes 
 

We included all studies that reported any information about the clinical outcomes identified 
in our key questions. If a study reported no cases of specific types of events, we still included the 
study in its respective section. We abstracted data on events for each arm, and all analyses 
followed the principle of intention-to-treat. First, we synthesized the data qualitatively. We then 
conducted meta-analyses when there were sufficient data (two or more studies) and the studies 
were homogenous with respect to key variables (patient populations, drug comparators such as 
using one of several accepted comparator drugs, outcome definitions, and study duration). For 
trials with more than one arm involving premixed insulin analogues, we combined these arms 
into a premixed insulin analogue group when appropriate. We believed that the results were 
similar enough for premixed insulin analogues and for “any other” active comparator to allow us 
to combine the data into these two groups, although we do discuss the studies qualitatively both 
in combination and separately. In the one study in which there were three arms (premixed insulin 
analogue versus rapid-acting insulin analogue versus long-acting insulin analogue),32 we chose 
what we thought was the most relevant comparison to include in the meta-analyses (premixed 
insulin analogue versus long-acting insulin analogue). Choosing the other comparator would not 
have markedly changed the results. We excluded crossover studies from the main meta-analyses, 
since these studies did not report whether events occurred prior to the first crossover, making it 
difficult to determine whether the event occurred as a result of the first or second drug given.  

Pooled odds ratios and 95 percent CIs were calculated using a Mantel-Haenszel fixed-effects 
model (with a 0.1 continuity correction) for the main analysis.33,34 We used a fixed-effects model 
because there is evidence to suggest that these methods are less biased with rare event data.35 We 
also calculated pooled odds ratios and 95 percent CIs using several other well-established 
methods as a sensitivity analysis, since experts disagree about the best meta-analytic technique 
for rare event data. These methods included Peto’s method, the Mantel-Haenszel fixed-effects 
model (with a 0.5 and 0.01 continuity correction), and a Bayesian analysis.36 Heterogeneity 
among the trials in all the meta-analyses was tested with a standard chi-squared test, using a 
significance level of alpha less than or equal to 0.10. We also examined inconsistency among 
studies with an I2 statistic, which describes the variability in effect estimates that is due to 
heterogeneity rather than random chance.37 A value greater than 50 percent may be considered to 
represent substantial variability. We conducted sensitivity analyses by omitting one study at a 
time to assess the influence of any one study on the pooled estimate. A sensitivity analysis was 
conducted in which we included the crossover studies and the unpublished crossover data.  

Because statistically significant findings are more likely to be published than are studies 
without statistically significant results (publication bias), we examined whether there was 
evidence that smaller, negative studies appeared to be missing from the literature. We therefore 
conducted formal tests for publication bias using Begg’s29 and Eggers30 tests, including 
evaluation of the asymmetry of funnel plots. 

 
Rationale for the Inclusion of Crossover Designs 

 
We decided to include crossover trials because this study design allows comparison of 

interventions at the individual rather than the group level. In addition, the use of premixed 
insulin analogues over a short period of time was unlikely to produce long-lasting effects in 

12 



study participants, and participants were unlikely to differ systematically between the initial 
phase of the study and subsequent phases.  

However, we used data from crossover studies only for intermediate outcomes, namely A1c, 
fasting glucose, and postprandial glucose. We excluded crossover trials from the evaluation of 
outcomes that were either progressive, such as retinopathy, or irreversible, such as mortality. For 
the evaluation of A1c, we included only those crossover trials that had at least 12 weeks of 
followup. Crossover clinical trials with a shorter duration of followup were excluded from the 
analysis of A1c because treatment during an earlier phase, lead-in phase, or pretrial phase could 
affect the A1c level.26 

We aimed to use within-individual comparisons data from crossover trials if the trials 
reported the data in such detail. If results were reported only for each intervention, we ignored 
the crossover design and used the reported estimates as if they came from a parallel trial. We 
understand that this is a conservative approach that ignores within-patient correlation and 
produces wider CIs. If a trial reported a carryover effect, we included only the data from the first 
period of the crossover trial on the grounds that this period is, in effect, a parallel group trial. 
Further sensitivity analyses were performed by pooling data without crossover studies and 
comparing the pooled results from parallel studies alone to the pooled results from combining 
both study designs. 

 
Data Entry and Quality Control 
 

After a second reviewer reviewed the data that had been entered into SRS© 4.0, adjudicated 
data were re-entered into Web-based data collection forms by the second reviewer. Second 
reviewers were generally more experienced members of the research team. If problems were 
recognized in a reviewer’s data abstraction, the problems were discussed at a meeting with the 
reviewers. In addition, research assistants used a system of random data checks to assure data 
abstraction accuracy. 
 
Rating the Body of Evidence 
 

At the completion of our review, we graded the quantity, quality and consistency of the best 
available evidence addressing the Key Questions by adapting an evidence grading scheme 
recommended by the GRADE Working Group.38 We applied evidence grades to bodies of 
evidence on each type of intervention comparison for each major type of outcome. We assessed 
the strength of the study designs, with RCTs considered best, followed by non-RCTs and 
observational studies. To assess the quantity of evidence, we focused on the number of studies 
with the strongest design. We also assessed the quality and consistency of the best available 
evidence, including assessment of the limitations to individual study quality (using individual 
quality scores), certainty regarding the directness of the observed effects in the studies, the 
precision and strength of the findings, and the availability (or lack thereof) of data to answer the 
Key Question.  

We classified evidence bodies pertaining to the Key Questions into three basic categories: (1) 
“high” grade (indicating confidence that further research is very unlikely to change our 
confidence in the estimated effect in the abstracted literature), (2) “moderate” grade (indicating 
that further research is likely to have an important impact on our confidence in the estimates of 
effects and may change the estimates in the abstracted literature), and (3) “low” grade (indicating 
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further research is very likely to have an important impact on confidence in the estimates of 
effects and is likely to change the estimates in the abstracted literature). We graded the body of 
evidence as “no evidence” if there were no studies evaluating a drug comparison.  
 
Peer Review and Public Commentary 
  

A draft of the completed report was sent to the peer reviewers, the representatives of the 
AHRQ and the Scientific Resource Center. The draft report was posted to a Web site for public 
comment. In response to the comments of the peer reviewers and the public, revisions were made 
to the evidence report, and a summary of the comments and their disposition was submitted to 
the AHRQ. 

 



Results 
 
Search Results 
 

A summary of the search results for the primary literature review is presented in Figure 4. 
From the search, we retrieved 2,202 unique citations. After a review of the titles and abstracts, 
135 were deemed eligible for further review, and the full articles were retrieved. A total of 50 
articles were included in this review. Upon further inspection, we realized that Raskin 2005,39 
Raskin 2007,40 and Brod 2007;41 Roach 200142 and Tirgoviste 2003;43 and Malone 200044 and 
Malone 200014 were conducted in the same study populations. These articles were abstracted 
together. Boehm 200445 and Boehm 20029 had the same study population of type 2 diabetes, but 
Boehm 200445 had the longer followup. We report only the results from Boehm 2004.45 We used 
data from Boehm 20029 when data were not reported in the second publication of the trial. 
Therefore, a total of 45 studies, represented in 50 articles, were included. 

The bulk of the evidence was for insulin aspart 70/309,11,13,15,32,39-41,45-61 and insulin lispro 
75/25,10,12,14,42-44,55,58,62-75 which were evaluated in 22 and 20 studies, respectively. Nine studies 
evaluated insulin lispro 50/50.10,62,64,69,76-80 

For insulin aspart 70/30, there were seven studies comparing it to a premixed human 
insulin,9,11,15,45,48,53,56,58 six to oral antidiabetic agents,46,51,54,57,59,60 four to a long-acting insulin 
analogue,32,39-41,47,50 two to an intermediate-acting human insulin,13,15 and one each to a rapid-
acting insulin analogue,32 a rapid-acting insulin analogue with a long-acting insulin analogue,52 a 
rapid-acting insulin analogue with an intermediate-acting human insulin,61 and exenatide.49 For 
insulin lispro 75/25, there were ten studies comparing it to a premixed human 
insulin,10,12,14,44,58,62,67,70,71,73,75 six to a long-acting insulin analogue,63-66,74,75 and three to an oral 
antidiabetic agent.42,43,68,72 We did not identify any studies comparing insulin lispro 75/25 to a 
rapid-acting insulin analogue, a rapid-acting insulin analogue with a long-acting insulin 
analogue, an intermediate-acting human insulin, or exenatide. For insulin lispro 50/50, there 
were four studies comparing it to a premixed human insulin,10,62,77,78 three studies comparing it 
with a long-acting insulin,64,76,79 one study comparing it to a combination of long-acting insulin 
analogue and rapid-acting insulin analogue,80 and one study comparing it to a rapid-acting 
insulin analogue.76 We did not indentify any studies comparing insulin lispro 50/50 to an 
intermediate-acting human insulin or exenatide. Furthermore, we did not identify any studies 
comparing any of the premixed insulin analogues to regular human insulin or to placebo. 

There were four studies with a head-to-head comparison of premixed insulin analogues. Two 
studies compared insulin aspart 70/30 to insulin lispro 75/25.55,58 Another two studies compared 
insulin lispro 75/25 to insulin lispro 50/50.62,69 

Table 3 shows the number of studies included that evaluated each treatment comparison for 
each outcome. 
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Electronic Databases 
 
MEDLINE® (1149) 
Cochrane: CENTRAL 
(654) 
EMBASE® (1344) 
CINAHL (299) 

Retrieved 
3467 

Title Review

Duplicates 
1262 

Reasons for Exclusion at the Abstra
Level* 
Did not apply to a key question: 158 
Not in English: 67 

Hand 
Searching 
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Table 3. Number of included studies evaluating each treatment comparison for each outcome 
Insulin aspart 70/30 versus

 

Long-
acting 
insulin 

analogues 

Rapid-
acting 
insulin 

analogues 

Rapid-
acting 

with long- 
acting 
insulin 

analogues 

Premixed 
human 
insulins 

Rapid-
acting 
insulin 

analogues 
with inter-

acting 
human 
insulin 

Inter-
acting 
human 
insulin 

Oral 
antidiabetic 

agents Exenatide 

Premixed 
insulin 

analogues 

Premixed 
insulin 

analogues 
with oral 

antidiabetic 
agents 

Intermediate outcomes 
A1c 432,39,47,50 132 152 415,45,48,53 161 213,15 646,51,54,57,59,

60 
149 155 351,54,59 

Fasting 
glucose 

432,39,47,50  132 152 39,15,53 0 213,15 646,51,54,57,59,

60 
149 155 351,54,59 

Pre-dinner 
glucose 

332,39,50 132 0 153 0 0 646,51,54,57,59,

60 
149 155 251,59 

PPG after 
breakfast 

239,50 0 0 49,15,53,58 0 115 546,51,54,59,60 149 255,58 251,54 

PPG after 
dinner 

332,39,50 132 152 39,15,53 0 115 646,51,54,57,59,

60 
149 155 251,54 

Quality of life 132 132 0 148 0 0 159 0 0 159 
Clinical outcomes 
Overall 
mortality 

132 

17 

132 0 145 0 0 151 149 155 151 

CVD mortality 132 132 0 145 0 0 151 0 155 151 
CVD morbidity 150 0 0 245,58 0 0 354,57,60 149 158 154 
Nephropathy 132 132 0 0 0 0 160 0 0 0 
Safety/Adverse events 
Hypoglycemia 432,39,47,50 132 152 611,15,45,48,53,

58 
161 213,15 546,51,54,57,59 149 255,58 351,54,59 

Weight/BMI 432,39,47,50 132 152 215,45 161 213,15 646,51,54,57,59,

60 
149 0 251,54 

Injection site 
reactions 

0 0 0 0 0 0 0 0 155 0 

Total serious 
adverse 
events 

332,39,50 132 152 248,53 0 113 446,51,54,59 149 0 351,54,59 

Withdrawn 
due to adverse 
events 

432,39,47,50 132 152 711,15,45,48,53,

56,58 
0 213,15 546,51,54,57,60 149 255,58 251,54 

Other serious 
adverse 
events 

132 132 0 311,15,58 0 213,15 254,60 0 255,58 154 

 



Table 3. Number of included studies evaluating each treatment comparison for each outcome (continued) 
Insulin lispro 75/25 versus

  
Long-acting 

insulin 
analogues 

Rapid-acting 
insulin 

analogues 

Rapid-acting 
with long-

acting insulin 
analogues 

Premixed 
human 
insulins 

Intermediate-
acting human 

insulin 

Oral 
antidiabetic 

agents Exenatide 

Premixed 
insulin 

analogues 
Intermediate outcomes 
A1c 563-66,75 0 0 310,73,75 0 343,68,72 0 255,69 
Fasting glucose 563-66,74 0 0 410,12,70,73 0 343,68,72 0 255,69 
Pre-dinner 
glucose 

563-66,74 0 0 410,12,70,73 0 243,72 0 155 

PPG after 
breakfast 

563-66,74 0 0 812,44,58,62,67,70, 

71,73 
0 343,68,72 0 355,62,69 

PPG after dinner 563-66,74 0 0 410,12,70,73 0 343,68,72 0 255,69 
Quality of life 174 0 0 0 0 172 0 0 
Clinical outcomes 
Overall mortality 166 0 0 0 0 168 0 155 
CVD mortality 166 0 0 0 0 0 0 155 
CVD morbidity 165 0 0 158 0 0 0 158 
Nephropathy 0 0 0 0 0 0 0 0 
Safety/Adverse events 
Hypoglycemia 563-66,74 0 0 910,12,44,58,62,67, 

70,71,73 
0 343,68,72 0 455,58,62,69 

Weight/BMI 463-66 0 0 367,70,73 0 343,68,72 0 0 
Injection site 
reactions 

0 0 0 162 0 0 0 162 

Total serious 
adverse events 

0 0 0 162 0 0 0 162 

Withdrawn due to 
adverse events 

563-66,74 0 0 812,44,58,62,67,70, 

71,73 
0 268,72 0 162 

Other serious 
adverse events 

265,66 0 0 258,67 0 268,72 0 0 
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Table 3. Number of included studies evaluating each treatment comparison for each outcome (continued) 
Insulin lispro 50/50 versus

  
Long-acting 

insulin 
analogues 

Rapid-acting 
insulin 

analogues 

Rapid-acting 
with long-

acting insulin 
analogues 

Premixed 
human 
insulins 

Intermediate-
acting human 

insulin 

Oral 
antidiabetic 

agents Exenatide 

Premixed 
insulin 

analogues 
Intermediate outcomes 
A1c 364,76,79 176 180 277,78 0 0 0 169 
Fasting glucose 276,79 176 180 277,78 0 0 0 169 
Pre-dinner 
glucose 

364,76,79 176 180 210,77 0 0 0 0 

PPG after 
breakfast 

364,76,79 176 180 310,62,77 0 0 0 169 

PPG after dinner 264,76 176 0 210,77 0 0 0 262,69 
Quality of life 176 176 0 0 0 0 0 0 
Clinical outcomes 
Overall mortality 0 0 0 177 0 0 0 0 
CVD mortality 0 0 0 0 0 0 0 0 
CVD morbidity 0 0 0 0 0 0 0 0 
Nephropathy 179 0 0 0 0 0 0 0 
Safety/Adverse events 
Hypoglycemia 364,76,79 176 180 410,62,77,78 0 0 0 262,69 
Weight/BMI 364,76,79 176 180 178 0 0 0 0 
Injection site 
reactions 

0 0 0 162 0 0 0 162 

Total serious 
adverse events 

179 0 180 162 0 0 0 162 

Withdrawn due to 
adverse events 

364,76,79 176 0 410,62,77,78 0 0 0 162 

Other serious 
adverse events 

0 0 0 177 0 0 0 0 

A1c = hemoglobin A1c; BMI = body mass index; CVD = cardiovascular disease; Inter = intermediate; PPG = postprandial glucose 
 
 
 



Key Question 1 
 
In adults (age ≥ 18 years) with type 2 diabetes, what is the effectiveness of 
premixed insulin analogues (insulin aspart 70/30, insulin lispro 75/25, 
insulin lispro 50/50) in achieving optimal glycemic control, as compared to 
insulin regimens including, but not necessarily limited to, the following 
preparations? 

f. Premixed human insulin preparations (NPH/regular 70/30, 
NPH/regular 50/50) 

g. Long-acting insulin analogues (insulin detemir, insulin glargine) 
administered alone 

h. Intermediate-acting human insulin (NPH insulin) administered alone 
i. Short-acting human insulin (regular insulin) administered prandially 
j. Rapid-acting insulin analogues (insulin aspart, insulin glulisine, insulin 

lispro) administered separately (prandially) with a long-acting insulin 
analogue (insulin detemir, insulin glargine) 

 
Key Question 2 
 
For adults with type 2 diabetes, do premixed insulin analogues differ from 
other commonly used insulin preparations with regard to safety, adverse 
effects, or adherence? The adverse effects of interest include, but are not 
limited to, hypoglycemia (nocturnal and daytime), weight gain, and 
interactions with other medications. 
 

Most of the studies that addressed Key Question 1 also addressed Key Question 2. We 
report both these questions together in one section to avoid repetition. In addition, most studies 
that reported intermediate outcomes also reported safety and adverse events. To prevent 
repetition, we discuss intermediate outcomes and adverse events together in one section. 

 
Intermediate Outcomes and Adverse Events 
 
Key Messages 
 

Fasting glucose.  
 
• Premixed insulin analogues may be less effective than long-acting insulin analogues 

alone in lowering fasting glucose. 
o Insulin aspart 70/30 was similar to long-acting insulin analogues in lowering 

fasting glucose (pooled mean difference = 6.4 mg/dL; 95 percent CI: -1.5 to 14.2 
mg/dL; p = 0.11). 
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o Insulin lispro 75/25 was less effective than long-acting insulin analogues in 
lowering fasting glucose (pooled mean difference = 8.5 mg/dL; 95 percent CI: 3.6 
to 13.3 mg/dL; p = 0.001). 

o Insulin lispro 50/50 was less effective than long-acting insulin analogues in 
lowering fasting glucose (mean difference in 2 studies: (1) -28 mg/dL and (2)  
-30.6 mg/dL; p < 0.001 in both studies). 
 

• Premixed insulin analogues were similarly effective as premixed human insulin 
preparations in lowering fasting glucose. 

o Insulin aspart 70/30 was less effective than premixed human insulin preparations 
in lowering fasting glucose (pooled mean difference = 8.3 mg/dL; 95 percent CI: 
0.16 to 16.5 mg/dL; p = 0.04). 

o Insulin lispro 75/25 was similar to premixed human insulin preparations in 
lowering fasting glucose (pooled mean difference = 0.12 mg/dL; 95 percent CI:  
-6.05 to 6.29 mg/dL; p = 0.97). 

o Insulin lispro 50/50 may be less effective than premixed human insulin 
preparations in lowering fasting glucose (effect size in two studies: (1) mean 
difference = 30.3 mg/dL; p < 0.001 and (2) mean difference = 23 mg/dL; p = 
nonsignificant). 
 

• Premixed insulin analogues were more effective than noninsulin antidiabetic agents in 
lowering fasting glucose. 

o Insulin aspart 70/30 and insulin lispro 75/25 were more effective than oral 
antidiabetic agents in lowering fasting glucose (insulin aspart 70/30: pooled mean 
difference = -13.9 mg/dL; 95 percent CI: -24.4 to -3.4 mg/dL; p = 0.009; insulin 
lispro 75/25: pooled mean difference = -31.4 mg/dL; 95 percent CI: -45.7 to -17.1 
mg/dL; p < 0.001). 

o A lack of evidence limited our ability to compare insulin lispro 50/50 to oral 
antidiabetic agents. 

o Limited evidence suggested that insulin aspart 70/30 was similar to exenatide in 
lowering fasting glucose. 

o A lack of evidence limited our ability to compare insulin lispro 75/25 and 50/50 to 
exenatide. 
 

• Premixed insulin analogues were less effective than a combination of long-acting insulin 
analogue and rapid-acting insulin analogue in lowering fasting glucose. 

o Insulin aspart 70/30 may be less effective than a combination of long-acting 
insulin analogue and rapid-acting insulin analogue in lowering fasting glucose 
(mean difference in one study = 7.9 mg/dL; p > 0.05). 

o A lack of evidence limited our ability to compare insulin lispro 75/25 to a 
combination of long-acting insulin analogue and rapid-acting insulin analogue in 
lowering fasting glucose. 

o Insulin lispro 50/50 was less effective than a combination of long-acting insulin 
analogue and rapid-acting insulin analogue in lowering fasting glucose (mean 
difference in one study = 12mg/dL; p = 0.013). 
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• Premixed insulin analogues may be at least as effective as rapid-acting insulin analogues 
in lowering fasting glucose. 

o Insulin aspart 70/30 is more effective than rapid-acting insulin analogues in 
lowering fasting glucose (mean difference in one study = -22.0 mg/dL; p < 
0.001). 

o Lack of evidence limits our ability to compare insulin lispro 75/25 to rapid-acting 
insulin analogues in lowering fasting glucose. 

o Insulin lispro 50/50 may be similar to rapid-acting insulin analogues in lowering 
fasting glucose (mean difference in one study = 0 mg/dL; p > 0.05). 
 

• A lack of evidence limited our ability to compare premixed insulin analogues to 
intermediate-acting human insulin preparations or to a combination of intermediate-
acting human insulin plus rapid-acting insulin analogues in lowering fasting glucose. 
 

• The superiority of one premixed insulin analogue over the other in lowering fasting 
glucose could not be determined because of the paucity of evidence. 

 
Postprandial glucose. 
 
• Premixed insulin analogues were more effective than long-acting insulin analogues alone 

in lowering postprandial glucose. 
o Insulin aspart 70/30 was more effective than long-acting insulin analogues in 

lowering postprandial glucose (pooled mean difference = -22.6 mg/dL; 95 percent 
CI: -32.1 to -13.2 mg/dL; p < 0.001). 

o Insulin lispro 75/25 was more effective than long-acting insulin analogues in 
lowering postprandial glucose (pooled mean difference = -23.6 mg/dL; 95 percent 
CI: -30.9 to -16.4 mg/dL; p < 0.001). 

o Insulin lispro 50/50 was more effective than long-acting insulin analogues in 
lowering postprandial glucose (pooled mean difference = -32.7 mg/dL; 95 percent 
CI: -48.2 to -17.1 mg/dL; p < 0.001). 
 

• Premixed insulin analogues were more effective than premixed human insulin 
preparations in lowering postprandial glucose. 

o Insulin aspart 70/30 was more effective than premixed human insulin preparations 
in lowering postprandial glucose (pooled mean difference = -18.6 mg/dL; 95 
percent CI: -31.1 to -6.0 mg/dL; p = 0.004). 

o Insulin lispro 75/25 was more effective than premixed human insulin preparations 
in lowering postprandial glucose (pooled mean difference = -17.8 mg/dL; 95 
percent CI: -27.0 to -8.6 mg/dL; p < 0.001). 

o Insulin lispro 50/50 was more effective than premixed human insulin preparations 
in lowering postprandial glucose (pooled mean difference = -30.3 mg/dL; 95 
percent CI: -55.6 to -5.0 mg/dL; p = 0.02). 
 

• Two of the three premixed insulin analogues were much more effective than oral 
antidiabetic agents in lowering postprandial glucose. 
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o Insulin aspart 70/30 was more effective than oral antidiabetic agents in lowering 
postprandial glucose (pooled mean difference = -32.8 mg/dL; 95 percent CI: -62.5 
to -3.1 mg/dL; p = 0.03). 

o Insulin lispro 75/25 was more effective than oral antidiabetic agents in lowering 
postprandial glucose (pooled mean difference = -47.3 mg/dL; 95 percent CI: -63.5 
to -31.0 mg/dL; p < 0.001). 

o A lack of evidence limited our ability to compare insulin lispro 50/50 to oral 
antidiabetic agents with regard to lowering postprandial glucose. 
 

• Not enough evidence exists to allow us to conclusively compare premixed insulin 
analogues to a combination of rapid-acting insulin and long-acting insulin analogues in 
lowering postprandial glucose. 

o Insulin aspart 70/30 may be better than a combination of rapid-acting insulin and 
long-acting insulin analogues in lowering postprandial glucose (mean difference 
in one study = -11.8 mg/dL; p > 0.05). 

o A lack of evidence limited our ability to compare insulin lispro 75/25 to a 
combination of rapid-acting insulin and long-acting insulin analogues with regard 
to lowering postprandial glucose. 

o Insulin lispro 50/50 was less effective than a combination of rapid-acting insulin 
and long-acting insulin analogues in lowering postprandial glucose (final 
postprandial glucose values from one study: 174 versus 155 mg/dL; p = 0.002). 
 

• Not enough evidence exists to allow us to conclusively compare the new incretin mimetic 
agent, exenatide, to premixed insulin analogues with regard to lowering postprandial 
glucose. 
 

• A lack of evidence limited our ability to compare rapid-acting insulin analogues to 
premixed insulin analogues with regard to lowering postprandial glucose. 

o Insulin aspart 70/30 was less effective than rapid-acting insulin analogues in 
lowering postprandial glucose (mean difference in one study = 15 mg/dL; p < 
0.001). 

o A lack of evidence limited our ability to compare insulin lispro 75/25 to rapid-
acting insulin analogues with regard to lowering postprandial glucose. 

o Limited evidence suggested that insulin lispro 50/50 was similar to rapid-acting 
insulin analogues with regard to lowering postprandial glucose (mean difference 
in one study = 3.6 mg/dL; p > 0.05). 
  

• There was very little evidence to allow us to compare premixed insulin analogues to 
intermediate-acting insulin preparations or to a combination of intermediate-acting 
human insulin plus rapid-acting insulin analogue. 
 

• The superiority of one premixed insulin analogue over the other could not be determined 
because of the paucity of evidence. 
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Hemoglobin A1c. 
 
• Premixed insulin analogues were more effective than long-acting insulin analogues in 

lowering A1c. 
o Insulin aspart 70/30 was more effective than long-acting insulin analogues in 

lowering A1c (pooled mean absolute difference = -0.48 percent; 95 percent CI:  
-0.61 to -0.34 percent; p < 0.001). 

o Insulin lispro 75/25 was more effective than long-acting insulin analogues in 
lowering A1c (pooled mean absolute difference = -0.33 percent; 95 percent CI:  
-0.48 to -0.17 percent; p < 0.001). 

o Insulin lispro 50/50 was more effective than long-acting insulin analogues in 
lowering A1c (pooled mean absolute difference = -0.40 percent; 95 percent CI:  
-0.65 to -0.15 percent; p = 0.001). 
 

• Premixed insulin analogues were as effective as premixed human insulin in lowering 
A1c. 

o Insulin aspart 70/30 was similar to premixed human insulin preparations in terms 
of lowering A1c (pooled mean absolute difference = 0.06 percent; 95 percent CI:  
-0.04 to 0.16 percent; p = 0.22). 

o Insulin lispro 75/25 was similar to premixed human insulin preparations in terms 
of lowering A1c (absolute mean differences reported in three studies ranged from 
-0.12 to 0.2 percent; p was not significant in all three studies). 

o Insulin lispro 50/50 was more effective than premixed human insulin preparations 
in terms of lowering A1c (effect size in two studies: (1) absolute mean difference 
= -0.5 percent; p = 0.01 and (2) absolute mean difference = -0.31 percent; p < 
0.05). 
 

• Premixed insulin analogues are better than oral antidiabetic agents in lowering A1c. 
o Insulin aspart 70/30 was more effective than oral antidiabetic agents in terms of 

lowering A1c (pooled mean absolute difference = -0.52 percent; 95 percent CI:  
-1.0 to -0.04 percent; p = 0.034). 

o Insulin lispro 75/25 may be more effective than oral antidiabetic agents in terms 
of lowering A1c (pooled mean absolute difference = -0.42 percent; 95 percent CI: 
-1.0 to 0.16 percent; p = 0.15). 

o Lack of evidence limited our ability to compare insulin lispro 50/50 to oral 
antidiabetic agents in terms of lowering A1c. 
 

• Not enough evidence exists to allow us to conclusively compare premixed insulin 
analogues to a combination of rapid-acting insulin and long-acting insulin analogues in 
terms of lowering A1c. 

o Insulin aspart 70/30 may be more effective than a combination of rapid-acting 
insulin and long-acting insulin analogues in lowering A1c, but the quality of the 
evidence was low (mean difference in one study = -0.42 percent; p < 0.05). 

o A lack of evidence limited our ability to compare insulin lispro 75/25 to a 
combination of rapid-acting insulin and long-acting insulin analogues in terms of 
lowering A1c. 
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o Insulin lispro 50/50 was less effective than a combination of rapid-acting insulin 
and long-acting insulin analogues in lowering A1c (final A1c values from one 
study: 6.9 versus 6.8 percent; p = 0.02). 
 

• Not enough evidence exists to allow us to conclusively compare exenatide to premixed 
insulin analogues. 
 

• A lack of evidence limited our ability to compare intermediate-acting human insulin, 
rapid-acting insulin analogues, or the combination of the two to premixed insulin 
analogues. 
  

• The superiority of one premixed insulin analogue over the other could not be reliably 
evaluated because of the paucity of evidence. 
 

Hypoglycemia. 
 
• Many of the comparisons were represented by too few studies to allow us to draw any 

conclusions regarding this adverse effect. 
 
• The effect of premixed insulin analogues on the incidence of serious hypoglycemia could 

not be conclusively addressed because only very few serious hypoglycemic events were 
reported in the studies. 

 
• Premixed insulin analogues were associated with more hypoglycemic events than were 

oral antidiabetic agents, but the only study that compared premixed insulin analogues to 
exenatide found no difference in the incidence of hypoglycemic events. 

o Insulin aspart 70/30 was more likely to be associated with a higher incidence of 
hypoglycemia than were oral antidiabetic agents (OR for minor hypoglycemia = 
3.8; 95 percent CI: 1.7 to 8.5; p = 0.001 and OR for symptom-only hypoglycemia 
= 3.9; 95 percent CI: 1.2 to 12.4; p = 0.02). 

o Limited evidence suggested that insulin lispro 75/25 may be associated with a 
higher incidence of overall hypoglycemia than were oral antidiabetic agents (rate 
ratio = 4.86; 95 percent CI: 0.5 to 49.5; p = 0.18). 

o A lack of evidence limited our ability to compare insulin lispro 50/50 with oral 
antidiabetic agents in terms of the incidence of hypoglycemia. 

 
• Premixed insulin analogues were more likely to be associated with hypoglycemia than 

were the long-acting insulin analogues. 
o Insulin aspart 70/30 was more likely to be associated with hypoglycemia than 

were long-acting insulin analogues (odds ratio (OR) for minor hypoglycemia = 
2.8; 95 percent CI: 1.4 to 5.4; p = 0.003). 

o Insulin lispro 75/25 was more likely to be associated with hypoglycemia than 
were long-acting insulin analogues (p-values for overall hypoglycemia ranged 
from 0.4 to 0.01). 
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o Insulin lispro 50/50 was more likely to be associated with hypoglycemia than 
were long-acting insulin analogues (p-value for overall hypoglycemia ranged 
from 0.02 to 0.01). 

 
• Premixed insulin analogues (insulin aspart 70/30, insulin lispro 75/25, and insulin lispro 

50/50) were similar to premixed human insulin preparations in terms of the incidence of 
hypoglycemia. 
 

• There were not enough data to allow us to compare premixed insulin analogues to a 
combination of intermediate-acting human insulin plus a rapid-acting insulin analogue in 
terms of the incidence of hypoglycemia. 
 

• There were not enough data to allow us to conclusively compare one premixed insulin 
analogue with the other in terms of the incidence of hypoglycemia. 
 

Weight change. 
 
• Premixed insulin analogues were associated with weight gain, when compared to oral 

antidiabetic agents as a group. 
o Insulin aspart 70/30 was associated with weight gain when compared to oral 

antidiabetic agents (pooled mean difference = 2.8 kg; 95 percent CI: 0.6 to 5.0 kg; 
p = 0.01). 

o Insulin lispro 75/25 was associated with weight gain when compared to oral 
antidiabetic agents (pooled mean difference = 1.88 kg; 95 percent CI: 1.35 to 2.41 
kg; p < 0.001). 

o A lack of evidence limited our ability to compare insulin lispro 50/50 to oral 
antidiabetic agents in terms of weight gain. 

 
• The evidence was conflicting about whether premixed insulin analogues may cause less 

weight gain than do rapid-acting insulin analogues. 
o Insulin aspart 70/30 was associated with less weight gain than were rapid-acting 

insulin analogues (mean difference in one study = -1.0 kg; p = 0.005). 
o A lack of evidence limited our ability to compare insulin lispro 75/25 to rapid-

acting insulin analogues in terms of weight gain. 
o Insulin lispro 50/50 may be associated with more weight gain than are rapid-

acting insulin analogues, although the evidence was weak (mean difference in 
BMI in one study = 0.3 kg/m2; p = 0.048). 

 
• Premixed insulin analogues may cause more weight gain than do long-acting insulin 

analogues. 
o Insulin aspart 70/30 was associated with more weight gain than were long-acting 

insulin analogues (pooled mean difference = 2.5 kg; 95 percent CI: 1.6 to 3.4 kg; 
p < 0.001). 

o A lack of evidence limited our ability to compare insulin lispro 75/25 and insulin 
lispro 50/50 to long-acting insulin analogues in terms of weight gain. 
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• There was not enough evidence to allow us to conclusively compare the weight change 
after treatment with premixed insulin analogues to that produced by other antidiabetic 
drugs, except as noted above. 

 
Evidence Grades 
 

Fasting glucose (see Appendix E; Evidence Table 1). 
 
• The strength of evidence was graded as moderate for the following comparisons: 

o Premixed insulin analogues versus long-acting insulin analogues alone 
o Premixed insulin analogues versus premixed human insulin 
o Premixed insulin analogues versus noninsulin antidiabetic agents. 

 
• The strength of evidence was graded as low for the following comparisons: 

o Premixed insulin analogues versus rapid-acting insulin analogues 
o Premixed insulin analogues versus a combination of long-acting and rapid-acting 

insulin analogues 
o Premixed insulin analogues versus intermediate-acting human insulin. 
 

• There was no evidence for the following comparisons: 
o Premixed insulin analogues versus a combination of intermediate-acting human 

insulin and rapid-acting insulin analogues. 
 

Postprandial glucose (see Appendix E; Evidence Table 1). 
 
• The strength of evidence was graded as high for the following comparisons: 

o Premixed insulin analogues versus long-acting insulin analogues alone 
o Premixed insulin analogues versus premixed human insulin. 

 
• The strength of evidence was graded as moderate for the following comparison: 

o Premixed insulin analogues versus noninsulin antidiabetic agents. 
 

• The strength of evidence was graded as low for the following comparisons: 
o Premixed insulin analogues versus rapid-acting insulin analogues 
o Premixed insulin analogues versus intermediate-acting human insulin 
o Premixed insulin analogues versus a combination of long-acting and rapid-acting 

insulin analogues. 
 

• There was no evidence for the following comparisons: 
o Premixed insulin analogues versus a combination of intermediate-acting human 

insulin and rapid-acting insulin analogue. 
 

Hemoglobin A1c (see Appendix E; Evidence Table 1). 
 
• The evidence was graded as high for the following comparisons:  

o Premixed insulin analogues versus long-acting insulin analogues 
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o Premixed insulin analogues versus premixed human insulin. 
 

• The evidence was graded as moderate for the following comparison: 
o Premixed insulin analogues versus noninsulin antidiabetic agents. 

 
• The evidence was graded as low for the following comparisons: 

o Premixed insulin analogues versus intermediate-acting human insulin  
o Premixed insulin analogues versus rapid-acting insulin analogues 
o Premixed insulin analogues versus a combination of rapid-acting and long-acting 

insulin analogues 
o Premixed insulin analogues versus a combination of intermediate-acting human 

insulin and rapid-acting insulin analogue. 
 

Hypoglycemia (see Appendix E; Evidence Table 1). 
 
• The strength of evidence was graded as high for the following comparisons: 

o Premixed insulin analogues versus long-acting insulin analogues  
o Premixed insulin analogues versus premixed human insulin 
o Premixed insulin analogues versus noninsulin antidiabetic agents. 

 
• The strength of evidence was graded as low for the following comparisons: 

o Premixed insulin analogues versus intermediate-acting human insulin  
o Premixed insulin analogues versus rapid-acting insulin analogues 
o Premixed insulin analogues versus a combination of rapid-acting and long-acting 

insulin analogues 
o Premixed insulin analogues versus a combination of intermediate-acting human 

insulin and rapid-acting insulin analogue. 
 

Weight change (see Appendix E; Evidence Table 1). 
 
• The strength of evidence was graded as moderate for the following comparisons: 

o Premixed insulin analogues versus long-acting insulin analogues  
o Premixed insulin analogues versus premixed human insulin 
o Premixed insulin analogues versus noninsulin antidiabetic agents. 

 
• The strength of evidence was graded as low for the following comparisons: 

o Premixed insulin analogues versus intermediate-acting human insulin  
o Premixed insulin analogues versus rapid-acting insulin analogues 
o Premixed insulin analogues versus a combination of rapid-acting and long-acting 

insulin analogues 
o Premixed insulin analogues versus a combination of intermediate-acting human 

insulin and rapid-acting insulin analogue. 
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Study Characteristics 
 
Of the 45 studies included in this review, 43 reported on at least one of the intermediate 

clinical outcomes, and two did not report any intermediate clinical outcomes.11,56 Adverse events 
were reported by 43 studies; two studies did not report any adverse events.56,75 Of the 45 trials, 
16 were conducted in Europe,10,32,43,45,48,50,51,53,55,56,58,59,66,67,71,76 11 were conducted in North 
America,15,39,44,60,62-65,74,75,80 six were conducted in Asia,47,52,57,61,69,78 one was conducted in 
Africa;12 nine were multinational trials conducted in countries spread across different 
continents,13,46,49,54,68,70,72,73,79 and two trials did not report the region from which patients were 
enrolled (see Appendix E; Evidence Table 2).11,77 All were RCTs except two.52,75 In one study,52 
patients were enrolled consecutively and followed prospectively, while in the other study,75 data 
were obtained from the medical record database of a large employer. Among the RCTs, 23 were 
parallel-arm,13,15,32,39,43,45-47,49-51,53,54,57,59-61,68,72,76,78-80 16 were crossover without a washout 
period,10-12,48,55,63-67,69-71,73,74,77 and four were crossover trials with a washout period.44,56,58,62 The 
median duration of followup in these trials was 16 weeks (a range of 1 day to 2 years). The 
longest study was by Boehm et al.,45 which first reported results after 3 months9 and then 
reported results of the extended followup at 2 years. There were four short studies, each of a 
single day’s duration, in which blood glucose levels were measured after a single dose of study 
medications.44,56,58,62 

The trials showed similarities as well as differences in terms of the patient enrollment 
criteria. All studies except two enrolled type 2 diabetic patients.10,45 Eight studies limited the age 
range of their source population to middle age and older.12,44,47,59,67,71,72,79 One of these studies 
exclusively enrolled patients between the ages of 60 and 80 years.72 Eleven studies did not report 
the age range of the target populations.48,50-53,61,70,74,75,77,78 Most trials excluded patients with A1c 
and BMI values above a certain limit (variable between the studies, but ranging from 9.5 to 14.7 
percent for A1c and from 30 to 40 kg/m2 for BMI). Seven studies did not report inclusion criteria 
for A1c,11,51,52,56,70,75,77 and 13 studies did not report inclusion criteria for 
BMI.10,11,47,51,52,56,61,63,66,74,75,77,78  

Most of these trials proposed to evaluate the comparative efficacy and safety of the study 
drugs. Three studies also had a stated aim of evaluating intensive blood glucose control as 
compared to usual control of blood glucose.63,69,76 Three other studies also specifically aimed to 
control postprandial blood glucose.53,64,77 

These trials enrolled a total of 14,603 patients (median number per trial = 93; range: 8 to 
8,166 patients). The enrolled populations in the studies had a median age of 59 years (range: 51 
to 68 years), and most patients were male (median = 52 percent, range: 16 to 92 percent; see 
Appendix E, Evidence Table 3). The study populations had a median A1c of 8.7 percent (range: 
7.3 to 10.7 percent), a median BMI of 29.4 kg/m2 (range: 24 to 37 kg/m2), and a median duration 
of diabetes of 11 years (range: 4 to 16 years). Eleven trials enrolled insulin-naïve 
patients,15,32,39,43,46,59,60,64,65,72,75 nine trials did not specify history of insulin treatment,47,49-

52,54,57,68,74 and the remaining 23 trials enrolled insulin-treated patients.  
Source of funding for the included studies. The source of funding was reported by 33 

studies; the remaining 12 studies did not clearly state the source of 
funding.43,44,47,48,51,60,65,66,70,71,78,79 Of the studies that clearly stated the source of funding, all but 
two were funded by the pharmaceutical industry: One was jointly funded by the National 
Institutes of Health (NIH) and the pharmaceutical industry,74 while the other was funded by the 
Japan Diabetes Foundation.61 Of the studies that did not clearly state their source of funding, 
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employees of the pharmaceutical industry were among the authors in six studies.48,60,65,66,70,79 
Novo Nordisk, the manufacturer of insulin aspart 70/30, funded 16 studies, all using insulin 
aspart 70/30 (see Table 4). One of the studies funded by Novo Nordisk also used insulin lispro 
75/25 and compared it to insulin aspart 70/30.58 Eli Lilly, the manufacturer of insulin lispro 
75/25 and insulin lispro 50/50, funded 16 studies, one of which was also partially funded through 
the NIH.74 Only one study funded by Eli Lilly used insulin aspart 70/30; it compared exenatide 
(manufactured by Eli Lilly) to insulin aspart 70/30.49 
 
Table 4. List of study funding 

Company List of funded studies 
Eli Lilly Coscelli 2003,67 Cox 2007,74 Hertz 2002,72 Hertz 2003,12 Jacober 2006,64 Kazda 2006,76 

Malone 2003,68 Nauck 2007,49 Roach 1999,73 Roach 1999,10 Roach 2003,69 Roach 2006,63 
Rosenstock 2008,80 Schernthaner 2004,77 Schwartz 2006,62 Sun 200775 

Novo Nordisk Abrahamian 2005,53 Bebakar 2007,46 Boehm 2004,45 Christiansen 2003,13 Hermansen 2002,58 
Holman 2007,32 Joshi 2005,52 Kann 2006,50 Kapitza 2004,56 Kilo 2003,15 McSorley 2002,11 
Niskanen 2004,55 Raj 2003,57 Raskin 2005,39 Raz 2005,54 Ushakova 200759 

Other Cox 2007,74 Hirao 200861  
 
Reporting of Intermediate Outcomes and Adverse Events 
 

Fasting glucose. The methods of reporting fasting or pre-meal glucose levels were not 
consistent among all studies. Studies either reported pre-breakfast glucose 
levels10,12,13,15,39,43,45,46,49-55,57,63,64,70,72-74,76,77,80 or both pre-breakfast and pre-dinner glucose 
levels,10,12,39,43,45,46,49-51,53-55,57,59,63,64,70,72-74,76,77,79 or they simply reported fasting glucose levels 
without specifying the time of the day at which the glucose was measured.32,47,60,65,66,68,69,78 Ten 
studies did not report pre-meal glucose levels.11,44,48,56,58,61,62,67,71,75 In six of these studies, 
glucose levels were reported after a single dose of the study drug with a test meal.44,56,58,62,67,71 As 
pre-dinner glucose levels are unlikely to be drawn from patients in a fasting state, we evaluated 
pre-dinner levels separately and combined the fasting and pre-breakfast glucose levels for this 
review. 

Postprandial glucose. In general, studies reported postprandial glucose either 90 min or 2 h 
after a meal. Postprandial glucose levels were measured at 90 min after meal in 10 
studies13,39,50,51,53-55,57,59,60 and at 2 h after a meal in 25 studies.10,12,15,43,44,46,49,58,62-74,76,77,79,80 Two 
studies did not specify the time of the day at which postprandial glucose was tested, or they 
pooled postprandial values together and reported one value.32,52 Eight studies did not report 
postprandial glucose levels.11,45,47,48,56,61,75,78 All studies that reported 90-min postprandial 
glucose levels reported results for both after breakfast and after dinner. Eighteen studies reported 
2-h postprandial glucose levels after both breakfast and dinner.10,12,15,43,46,49,63-66,68,70,72-74,76,77,79 
Another seven studies reported 2-h postprandial glucose levels after breakfast.44,58,62,67,69,71,80 
Five of these seven studies evaluated postprandial glucose levels after a test meal only, and 
therefore they were not designed to report after-dinner values.44,58,62,67,71 Although studies 
reported other outcomes for postprandial glucose levels, such as glucose excursion or increment 
in glucose levels, we chose postprandial glucose levels for two reasons. First, postprandial 
glucose levels were the most frequently reported outcome measures in the trials. Second, 
postprandial glucose levels are frequently used in clinical practice to direct adjustments in insulin 
dose.  

For the systematic review, we analyzed the 90-min and 2-h studies together as one group. We 
analyzed the breakfast postprandial glucose levels separately from the dinner postprandial levels. 
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We analyzed the studies that reported postprandial glucose levels without specifying the time of 
the day together with the studies that reported dinner postprandial glucose levels.  

Hemoglobin A1c. A1c levels were reported by 35 studies;10,13,15,32,39,43,45-55,57,59-61,63-

66,68,69,72,73,75-80 however, we excluded two studies57,69 from this review because the duration of 
followup was only 6 or 8 weeks, respectively.  

Hypoglycemia. The definitions of severity of hypoglycemia were fairly consistent across 
studies. The studies defined a major hypoglycemic event as an event that required third-party 
help for patients who either had a blood glucose value below a pre-defined limit (usually less 
than 50 to 60 mg/dL) or required food, intravenous glucose, or glucagon to resolve severe central 
nervous system symptoms. A minor hypoglycemic event was defined as one in which a patient 
was able to self-treat without third-party intervention. Some studies defined a “symptom only 
hypoglycemic event” category if the patient felt symptoms of hypoglycemia, did not require third 
party assistance, and had either no blood glucose measurements or a blood glucose that was 
above a pre-defined lower limit. The definition of the lower limit of blood glucose varied 
between studies.  

Studies reported hypoglycemic outcomes in different ways. Some studies chose to describe 
the incidence of hypoglycemia, defined as the number of patients who had at least one 
hypoglycemic event or the total number of episodes during the treatment period. Studies also 
often reported the event rate of hypoglycemic episodes, defined as the number of episodes per 
patients over some unit of time. Authors also commonly chose to report the incidence or event 
rate of hypoglycemic episodes as a function of the time of day. 

Weight or BMI change. Most studies reported a change in weight as one of the adverse 
effects of the therapy,13,15,32,39,43,45-47,49-52,57,59,60,63-66,68,70,72,73,79,80,81 except for three studies that 
reported a change in body mass index.61,76,78 As noted in the Methods section, we included only 
parallel-arm studies13,15,32,39,43,45-47,49-51,54,57,59,60,61,68,72,76,78,79,80 in the evaluation of this outcome 
because, in the case of crossover studies, there was a high likelihood of a carryover effect in the 
second period of the study. 

 
Insulin Aspart 70/30 
 

Insulin aspart 70/30 versus long-acting insulin analogues. We identified four randomized 
parallel-arm studies that compared insulin aspart 70/30, enrolling a total of 453 patients in the 
insulin aspart 70/30 arm and 458 patients in the long-acting insulin analogue arm.32,39,47,50 One 
study used insulin detemir32 as the long-acting insulin analogue; the remaining three studies used 
insulin glargine. All studies reported fasting glucose and A1c. One study did not report 
postprandial glucose levels.47 

Raskin et al.39 enrolled 233 subjects in a 28-week trial. Patients received either twice-daily 
insulin aspart 70/30 or insulin glargine while also receiving metformin and pioglitazone. Both 
insulin aspart 70/30 and insulin glargine were started at between 10 and 12 units daily, 
depending on the fasting glucose levels, and the dose was adjusted during followup. At the end 
of the study, the insulin dose was significantly greater in the insulin aspart 70/30 group than in 
the insulin glargine group (78.5 units/day versus 51 units/day, or 0.82 units/kg/day versus 0.55 
units/kg/day; p < 0.05).  

Kann et al.50 enrolled 255 patients to receive either insulin aspart 70/30 in combination with 
metformin or to receive insulin glargine and glimepiride; these patients were followed for 26 
weeks. The insulin dose was adjusted in both treatment arms during the trial, and the mean 
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insulin doses were 0.4 units/kg/day in the insulin aspart 70/30 arm and 0.39 units/kg/day in the 
insulin glargine arm. The metformin and glimepiride doses were also adjusted during the study. 

The study by Tamemoto et al.47 was a small study enrolling 30 patients to receive either 
insulin aspart 70/30 or insulin glargine. Patients were allowed to continue their oral antidiabetic 
agents, except that the patients in the insulin aspart 70/30 arm were not allowed to take a 
sulfonylurea. The starting dose was 10 to 16 units/day in the insulin aspart 70/30 arm and 6 to 8 
units/day in the insulin glargine arm. The insulin dose was adjusted during the followup period. 
The mean insulin dose in the insulin aspart 70/30 arm was 26.7 units/day; the mean insulin 
glargine dose was not reported. 

Holman et al.32 conducted a three-arm study in which two arms compared insulin detemir  
(n = 234) to insulin aspart 70/30 (n = 235). Patients were followed for 1 year while on treatment. 
Insulin aspart 70/30 was given twice daily, while insulin detemir was administered once daily; 
however, insulin detemir could be administered twice daily if the blood glucose was not under 
control. Patients in both arms continued metformin and sulfonylurea treatment. The insulin doses 
were similar in the two arms at the end of the study.  

Fasting glucose (see Appendix E, Evidence Table 4). In terms of lowering fasting glucose 
levels, only one32 of the four studies found insulin aspart 70/30 to be less effective than long-
acting insulin analogues; the other studies did not find any difference. When the results of all 
four studies were pooled, insulin aspart 70/30 was less effective in lowering fasting glucose than 
were the long-acting insulin analogues, but the difference did not reach statistical significance 
(mean difference = 6.4 mg/dL; 95 percent CI: -1.5 to 14.2 mg/dL; p = 0.11; see Figure 5). When 
we excluded the study involving insulin detemir from the pooled analysis, the results did not 
change (mean difference = 1.5 mg/dL; 95 percent CI: -6.0 to 9.1 mg/dL; p = 0.69; see Figure 5). 
Two studies reported the pre-dinner glucose levels. One study39 found insulin aspart 70/30 to be 
more effective than insulin glargine in lowering pre-dinner glucose levels (p < 0.05), whereas the 
second study50 did not find any difference between the two treatment regimens. 

Postprandial glucose (see Appendix E, Evidence Table 4). All three trials found insulin 
aspart 70/30 to be more effective than long-acting insulin analogues in lowering postprandial 
glucose levels.32,39,50 Pooling the results of these studies showed that insulin aspart 70/30 was 
significantly more effective than long-acting insulin analogues in lowering postprandial glucose 
levels (mean difference = -22.6 mg/dL; 95 percent CI: -32.1 to -13.2 mg/dL; p < 0.001; see 
Figure 6). Two of the three trials also reported breakfast postprandial levels.39,50 Insulin aspart 
70/30 lowered the breakfast postprandial glucose levels in both studies, but this effect reached 
statistical significance in only one study.50 

Hemoglobin A1c (see Appendix E, Evidence Table 4). Insulin aspart 70/30 was found to be 
significantly more effective than long-acting insulin analogues in lowering A1c in all four 
studies, except in the study by Tamemoto et al.47 Tamemoto et al. could have failed to find a 
difference between the two treatments because of the small sample size (n = 23), giving them a 
low power to detect a difference. Raskin et al.39 found that insulin aspart 70/30 lowered A1c to a 
larger degree in patients with poorer control of diabetes (A1c > 8.5 percent), but no comparative 
advantage was seen for patients with relatively better control of diabetes (A1c ≤ 8.5 percent). 
Holman et al.32 found that not only did patients treated with insulin aspart 70/30 have lower A1c 
levels (p < 0.001), but they were also more likely to reach a target A1c of 6.5 percent or lower 
than were those in the insulin detemir group (p = 0.001). Pooling the study results across the four 
trials showed that insulin aspart 70/30 was significantly better than long-acting insulin analogues 
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in lowering A1c levels (mean difference = -0.48 percent; 95 percent CI: -0.61 to -0.34 percent; p 
< 0.001; see Figure 7).  

 
Figure 5. Meta-analyses of post-treatment differences in fasting glucose (mg/dL) between insulin 
aspart 70/30 and long-acting insulin analogues (with and without Holman et al. 2007) 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 2.882 with 3 degrees of freedom (p=0.41) 
I-squared statistic = 0  
 
 
Figure 6. Meta-analyses of post-treatment differences in postprandial glucose (mg/dL) between 
insulin aspart 70/30 and long-acting insulin analogues 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 0.685 with 2 degrees of freedom (p = 0.71) 
I-squared statistic = 0 percent 
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Figure 7. Meta-analyses of post-treatment differences in hemoglobin A1c (%) between insulin 
aspart 70/30 and long-acting insulin analogues  

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 0.589 with 3 degrees of freedom (p =0.899) 
I-squared statistic = 0 percent 
 

Hypoglycemia (see Appendix E, Evidence Table 5). The incidence of overall hypoglycemia 
was reported by Holman et al.32 and was higher in the insulin aspart 70/30 group than in the 
insulin detemir group (216 out of 235 versus 173 out of 234 patients; p < 0.001). The incidence 
of minor hypoglycemia was reported by three studies.39,47,50 In two studies, the incidence of 
minor hypoglycemia events was significantly higher in the insulin aspart 70/30 group than in the 
comparison group.39,50 When the results of these three studies were pooled, the incidence of 
minor hypoglycemia was found to be significantly higher for insulin aspart 70/30 than for insulin 
glargine (78 versus 34; odds ratio (OR) = 2.8; 95 percent CI: 1.4 to 5.4; p = 0.003; see Figure 8). 
Two studies47,50 reported the incidence of symptoms-only hypoglycemia and did not find any 
difference between the two types of insulin analogues. 
 
Figure 8. Meta-analyses of the incidence of mild hypoglycemia in those receiving insulin aspart 
70/30 or a long-acting insulin analogue (glargine) 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 3.378 with 2 degrees of freedom (p =0.185) 
I-squared statistic = 41 percent 
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Weight change (see Appendix E, Evidence Table 6). In two studies,32,39 patients treated with 
insulin aspart 70/30 gained significantly more weight than did those receiving a long-acting 
insulin analogue (p < 0.001 in both studies). In the remaining two studies, the weight change was 
not significant. Pooling the results of these four studies indicated that insulin aspart 70/30 was 
associated with a much larger weight gain than was insulin glargine (weighted mean difference = 
2.5 kg; 95 percent CI: 1.6 to 3.4 kg; p < 0.001; see Figure 9). 
 
Figure 9. Meta-analyses of post-treatment differences in weight change (kg) between insulin 
aspart 70/30 and long-acting insulin analogues 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 3.650 with 3 degrees of freedom (p = 0.302) 
I-squared statistic = 19 percent 

 
Other serious adverse events (see Table 5 and Appendix E, Evidence Table 6). None of the 

included studies comparing insulin aspart 70/30 to a long-acting insulin analogue reported on 
injection site reactions. Table 5 shows the range of risk differences between insulin aspart 70/30 
and long-acting insulin analogues in terms of total serious adverse events, other serious adverse 
events, and withdrawals as a result of adverse events.  

Insulin aspart 70/30 versus rapid-acting insulin analogues. We identified only one study 
on this comparison. Holman et al.32 compared twice-daily insulin aspart 70/30 plus metformin 
and a sulfonylurea to thrice-daily rapid-acting insulin aspart with meals plus metformin and 
sulfonylurea. This was a large RCT with 235 patients in the insulin aspart 70/30 arm and 239 
patients in the rapid-acting insulin aspart arm. The median starting daily dose of insulin was 
similar in both groups, and insulin doses were adjusted based on blood glucose levels. 

Intermediate outcomes (see Appendix E, Evidence Table 4). Holman et al.32 found that 
insulin aspart 70/30 was more effective than rapid-acting insulin aspart in decreasing fasting 
glucose levels (mean difference = -22.0 mg/dL; p < 0.001). On the other hand, rapid-acting 
insulin aspart was more effective in lowering postprandial blood glucose than was insulin aspart 
70/30 (mean difference = -15 mg/dL; p < 0.001). Rapid-acting insulin aspart was slightly more 
effective in lowering A1c than was insulin aspart 70/30, although this difference was not 
statistically significant (mean difference = -0.1 percent; p = 0.08). The percentage of patients 
who achieved a target A1c of less than or equal to 7.0 percent or 6.5 percent was higher for those 
receiving rapid-acting insulin aspart than for those receiving insulin aspart 70/30, but this 
difference was not statistically significant (mean difference = 7.0 percent and 6.9 percent 
respectively; p = 0.08 for both A1c targets). 
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Adverse events (see Appendix E, Evidence Tables 5 and 6). The incidence of hypoglycemia 
was not significantly different between the two groups (216 out of 235 patients versus 229 out of 
238 patients; p = 0.08).32 Treatment with insulin aspart 70/30 was associated with less weight 
gain than was treatment with rapid-acting insulin aspart (mean difference = -1.0 kg; p = 0.005). 
This study did not report on injection site reactions. Table 5 shows the risk differences between 
insulin aspart 70/30 and rapid-acting insulin analogues in terms of total serious adverse events, 
other serious adverse events, and withdrawals due to adverse events. 

Insulin aspart 70/30 versus a combination of long-acting and rapid-acting insulin 
analogues. We identified one nonrandomized prospective trial by Joshi et al. that compared 
insulin aspart 70/30 to a combination of mealtime insulin aspart and bedtime insulin glargine.52 
Doses of all insulin analogues were adjusted throughout the trial on the basis of glucose levels. 
At the end of the trial, the total insulin dose was lower in the insulin aspart 70/30 group (40.2 
versus 52.8 units/day).  

Intermediate outcomes (see Appendix E, Evidence Table 4). After 12 weeks of followup, 
both treatments were effective in lowering fasting glucose, postprandial glucose, and A1c from 
baseline levels. When Joshi et al. compared the two treatments, they found insulin aspart 70/30 
to be less effective than a combination of mealtime insulin aspart and bedtime insulin glargine in 
lowering fasting glucose levels, although this difference was not statistically significant (mean 
difference = 7.9 mg/dL; p > 0.05).52 On the other hand, insulin aspart 70/30 was more effective 
than the combination in lowering postprandial glucose levels, although this effect was also not 
statistically significant (mean difference = -11.8 mg/dL; p > 0.05). Insulin aspart 70/30 was 
significantly more effective than the combination in lowering A1c (mean difference = -0.42 
percent; p < 0.05). Moreover, a larger percentage of patients achieved an A1c of less than 7 
percent with insulin aspart 70/30 than with the combination at the end of 12 weeks of followup 
(risk difference = -14 percent; p-value was not reported). 

Adverse events (see Appendix E, Evidence Tables 5 and 6). There were no major 
hypoglycemic events in this study.52 Fewer patients in the insulin aspart 70/30 arm had minor 
hypoglycemic events, as compared to the group that received a combination of insulin glargine 
and rapid-acting insulin aspart (16.7 versus 58 percent; p < 0.05). There was no significant 
difference in the body weight in the two groups. This study did not report on injection site 
reactions. Table 5 shows the risk differences between insulin aspart 70/30 and rapid-acting 
insulin analogues for total serious adverse events and withdrawals due to adverse events. 

Insulin aspart 70/30 versus premixed human insulin. Our search found three parallel-arm 
trials15,45,53 and three crossover trials11,48,58 that compared insulin aspart 70/30 with a premixed 
human insulin, NPH/regular 70/30.  

McNally et al.48 compared insulin aspart 70/30 with NPH/regular 70/30 (both injected 
immediately before meals) in a crossover trial enrolling 160 subjects. After a 6-week run-in 
period, subjects were followed for two treatment periods of 16 weeks each. The insulin dose was 
adjusted during the followup in order to achieve glucose targets, and the mean insulin dose was 
similar in both groups.  

In a 24-week parallel-arm study by Abrahamian et al.,53 thrice-daily insulin aspart 70/30 
(given with meals) was compared to twice-daily NPH/regular 70/30 (given 30 min before meals). 
The mean insulin dose was slightly larger in the insulin aspart 70/30 arm than in the premixed 
human insulin arm (0.61 units/kg/day versus 0.59 units/kg/day, p = nonsignificant). 



Table 5. Range of risk differences between insulin aspart 70/30 and other antidiabetic agents for selected adverse events 
 Total serious adverse events Withdrawn due to adverse events Other serious adverse events

Comparison 

Number of 
studies 

included 

Range of risk 
difference* between 
insulin aspart 70/30 

and comparison 

Number of 
studies 

included 

Range of risk 
difference* between 
insulin aspart 70/30 

and comparison 

Number of 
studies 

included 

Range of risk 
difference* between 
insulin aspart 70/30 

and comparison 
Long-acting insulin 

analogues 
332,39,50 -0.01 – 0.046 432,39,47,50 -0.01 – 0.02 132 0.04 for GI and 

abdominal pain 
0.017 for lower 
respiratory tract and 
lung infection 

Rapid-acting insulin 
analogues 

132 0.048 132 0.01 132 0.013 for GI and 
abdominal pain 
0.017 for lower 
respiratory tract and 
lung infection 

Rapid-acting with long-
acting insulin 
analogues 

152 0 152 0 0 NA 

Premixed human 
insulins 

1**48 -0.02 711,15,45,48,53,56, 

58 
0 – 0.04 2†11,15 0 – 0.02 

Rapid-acting insulin 
analogues with 
intermediate-acting 
human insulin 

0 NA 0 NA 0 NA 

Intermediate-acting 
human insulins 

113 -0.01 213,15 0 – 0.04 213,15 0 – 0.02 

Oral antidiabetic agents 2‡║54¶59 0 – 0.02 646,51¶54¶57,59,60 -0.01 – 0.05 254¶60 0 – 0.01 for cellulitis 
-0.03 – 0.05 for 
peripheral edema 

Exenatide 149 -0.031 149 -0.08 0 NA 
Insulin lispro 75/25 0 NA 255,58 0 – 0.02 1§55 0.066 
Insulin aspart 70/30 + 

oral antidiabetic 
agents 

2║54,59 0-0.02 351,54,59 -0.01 – 0.02 154 -0.06 for peripheral 
edema 
0.01 for cellulitis 
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* The risk difference is the proportion having an event in the treatment group minus the proportion having an event in the comparison group. Negative risk differences suggest a 
protective effect of the treatment, while positive risk differences suggest a harmful effect of the treatment.  
** An additional study reported 16 events in the insulin aspart 70/30 arm and 15 events in the premixed human insulin arm.53 
†An additional study reported 1 event in the insulin aspart 70/30 arm and 0 events in the premixed human insulin arm.58 
‡An additional study reported 5 events in the insulin aspart 70/30 arm and 0 events in the oral antidiabetic agents arm.46  
║An additional study reported a total of 5 events, but did not specify in which arm the events occurred.51 
¶There were 2 eligible comparisons in this study. 
§An additional study reported 1 event in the insulin aspart 70/30 arm and 0 events in the insulin lispro 75/25 arm.58 
GI = gastrointestinal; NA = not applicable 

 



Boehm at al.9,45 compared twice-daily insulin aspart 70/30 (given with meals) to twice-daily 
NPH/regular 70/30 (given 30 min before meals). This was a 3-month trial with an extended 
followup of 2 years. The initial 3-month period of the trial included both type 1 and type 2 
diabetics. The extended followup was limited to type 2 diabetics only. Insulin doses were 
adjusted throughout the trial. After 2 years, the premixed human insulin group was receiving a 
significantly larger total insulin dose than the insulin aspart 70/30 group (mean difference = 0.09 
units/kg/day; p < 0.001). 

Kilo et al.15 conducted a three parallel-arm trial that compared insulin aspart 70/30 (given 10 
min before dinner) to NPH/regular 70/30 (given 30 min before dinner) in two of its arms. 
Metformin was given to patients in both arms. The insulin dose was adjusted throughout the 12-
week followup period. The mean insulin dose was slightly higher in the NPH/regular 70/30 
group than in the insulin aspart 70/30 group (29 versus 26 units/day). 

McSorely et al.11 compared twice-daily insulin aspart 70/30 with twice-daily NPH/regular 
70/30 (both given immediately before meals) in a crossover trial over two treatment periods of 2 
weeks each. This study did not report on the insulin dose used during the study. 

Hermansen et al.58 conducted a three-arm crossover trial in which study medications were 
given once only after a test meal in order to study the postprandial serum glucose response. Two 
arms compared insulin aspart 70/30 (given with the meal) with premixed human insulin 70/30 
(given 15 min before the meal). Similar doses were used for both insulins and were based on the 
weight of the subject (0.4 units/kg). 

Fasting glucose (see Appendix E, Evidence Table 4). All three parallel-arm trials reported the 
change in fasting glucose levels.15,45,53 Individually, these studies did not report an advantage for 
one treatment over the other. When the results of the studies were pooled, insulin aspart 70/30 
was less effective than premixed human insulin in lowering fasting glucose (mean difference = 
8.3 mg/dL; 95 percent CI: 0.16 to 16.5 mg/dL; p = 0.04; see Figure 10) although the difference 
was small. 
 
Figure 10. Meta-analyses of post-treatment differences in fasting glucose (mg/dL) between insulin 
aspart 70/30 and premixed human insulin 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 2.065 with 2 degrees of freedom (p = 0.272) 
I-squared statistic = 23 percent 

 
Postprandial glucose (see Appendix E, Evidence Table 4). All three parallel-arm trials15,45,53 

and one crossover trial58 reported changes in postprandial glucose. Boehm et al.9,45 found a 
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significant decrease in postprandial glucose levels 90 min after both breakfast (p < 0.05) and 
dinner (p < 0.02) after 12 weeks of followup. However, they combined the results from type 2 
diabetics (n = 187) with those for type 1 diabetics (n = 104) in reporting changes in postprandial 
glucose levels, thus making it difficult to extrapolate this finding to type 2 diabetics alone. 
Abrahamian et al.53 found a significant decrease in glucose levels 90 minutes after dinner but not 
after breakfast with insulin aspart 70/30, as compared to a premixed human insulin (p < 0.002 
and p > 0.05, respectively). On the other hand, Kilo et al.15 did not find a significant difference in 
glucose levels between insulin aspart 70/30 and premixed human insulin. The difference in the 
frequency of administration of insulin injection may be responsible for the disparate results in 
these trials. Kilo et al.15 also did not find insulin aspart 70/30 to be more effective than premixed 
human insulin in lowering breakfast postprandial glucose. When the results of these studies were 
pooled, insulin aspart 70/30 was more effective than premixed human insulin in lowering 
postprandial glucose (weighted mean difference = -18.6 mg/dL; 95 percent CI: -31.1 to -6.0 
mg/dL; p = 0.004; see Figure 11). These results were consistent with the results of a single-dose 
crossover trial58 that also did not find insulin aspart 70/30 to be more effective than premixed 
human insulin in lowering breakfast postprandial glucose (p > 0.05).  
 
Figure 11. Meta-analyses of post-treatment differences in postprandial glucose (mg/dL) between 
insulin aspart 70/30 and premixed human insulin 
 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 2.721 with 2 degrees of freedom (p = 0.257) 
I-squared statistic = 26 percent 

 
Hemoglobin A1c (see Appendix E, Evidence Table 4). All three parallel-arm trials15,45,53 and 

one crossover trial48 compared changes in A1c levels with insulin aspart 70/30 and NPH/regular 
70/30. Boehm et al.45 found that the mean A1c increased slightly in both groups after an initial 
decrease in the first 6 months. There was no statistically significant difference in mean A1c after 
24 months (mean difference = 0.03 percent; p = 0.89). McNally et al.48 reported that patients on 
insulin aspart 70/30 achieved a mean A1c of 7.28 percent, as compared to 7.22 percent after 
NPH/regular 70/30. The treatment difference of 0.06 percent was not statistically significant (p = 
0.21). Similar results were reported by Kilo et al.15 and Abrahamian et al.,53 who found no 
significant differences in A1c levels (mean difference = 0.2 percent; p > 0.05 and mean 
difference = 0.1 percent; p = 0.64, respectively). When the results of these studies were pooled, 
there was no indication that one premixed preparation was more effective than the other in 
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lowering A1c (weighted mean difference = 0.06 percent; 95 percent CI: -0.04 to 0.16 percent; p 
= 0.22; see Figure 12). 

 
Figure 12. Meta-analyses of post-treatment differences in hemoglobin A1c (%) between insulin 
aspart 70/30 and premixed human insulin preparations 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 2.739 with 3 degrees of freedom (p =0.434) 
I-squared statistic = 0 percent 
 

Hypoglycemia (see Appendix E, Evidence Table 5). Two studies reported the incidence of 
overall hypoglycemia and found no difference between the two premixed preparations.15,45 Five 
studies11,15,45,48,53 reported the incidence of minor hypoglycemia, and none of them found a 
significant benefit of a particular premixed insulin. Pooling of the study results also revealed no 
difference (144 out of 284 patients versus 151 out of 293 patients; OR = 0.98; 95 percent CI: 
0.65 to 1.46; p = 0.91; see Figure 13). The incidence of major hypoglycemia was reported in four 
studies,45,48,53,58 but there was no difference between the treatments in individual studies or when 
the results of these studies were pooled (9 out of 269 patients versus 16 out of 274 patients; OR = 
0.55; 95 percent CI: 0.22 to 1.34; p = 0.19). Only one study reported the incidence of symptom-
only hypoglycemia and found no difference between insulin aspart 70/30 and premixed human 
insulin (13 out of 46 patients versus 11 out of 47 patients; p = 0.59).15 

Weight change (see Appendix E, Evidence Table 6). Boehm et al.45 found that premixed 
human insulin was associated with a higher weight gain than was insulin aspart 70/30, although 
this difference was not statistically significant (mean difference = -1.5 kg; p = 0.07). Similar 
results were reported by Kilo et al.,15 who found that patients on insulin aspart 70/30 gained an 
average of 0.7 kg, while patients on premixed human insulin gained 1.0 kg (p-value not 
reported). 

Other serious adverse events (see Appendix E, Evidence Table 6). None of the studies 
comparing insulin aspart 70/30 to a premixed human insulin reported on injection site reactions. 
Table 5 shows the range of risk differences between insulin aspart 70/30 and premixed human 
insulins in terms of total serious adverse events, other serious adverse events, and withdrawals 
due to adverse events. 
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Figure 13. Meta-analyses of differences in the incidence of mild hypoglycemia between insulin aspart 70/30 
and premixed human insulin preparations 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 4.236 with 4 degrees of freedom (p =0.375) 
I-squared statistic = 5 percent 

 
Insulin aspart 70/30 versus rapid-acting insulin analogues with intermediate-acting 

human insulin. One 6-month Japanese randomized parallel-arm trial by Hirao et al. compared 
insulin aspart 70/30 with three-times-daily injections of insulin aspart with or without an 
intermediate-acting human insulin (NPH) in insulin-naïve patients with type 2 diabetes.61  

Intermediate outcomes (see Appendix E, Evidence Table 4). This study did not report 
changes in fasting or postprandial glucose levels. There was no statistical difference between the 
two groups in the change in A1c from baseline (2.6 percent in both groups).61  

Adverse events (see Appendix E, Evidence Tables 5 and 6). There were no major 
hypoglycemic events observed with either regimen.61 No other hypoglycemia results were 
reported. Both arms gained weight, but those in the insulin aspart 70/30 arm gained significantly 
more weight (p = 0.013) than did those in the multiple daily injection group.61 The study did not 
report on injection site reactions.61 Table 5 shows the range of risk differences between insulin 
aspart 70/30 and three-times-daily injections of insulin aspart, with or without an intermediate-
acting human insulin (NPH), in terms of total serious adverse events, other serious adverse 
events, and withdrawals due to adverse events. There was one death in the insulin aspart 70/30 
arm.  

Insulin aspart 70/30 versus intermediate-acting human insulin. Two randomized parallel-
arm trials that compared insulin aspart 70/30 to an intermediate-acting human insulin (NPH) met 
our inclusion criteria.13,15 

Kilo et al.15 compared bedtime NPH insulin with insulin aspart 70/30 given 10 min before 
dinner, while Christiansen et al.13 compared the two agents when given twice daily (immediately 
before breakfast and dinner). In both studies, the insulin dose was adjusted during the treatment 
in order to control glucose levels. The starting insulin dose in Christiansen et al.13 was similar in 
the two arms, but the mean dose was not reported in the study. During the study period, oral 
therapy with metformin was continued with insulin preparations in Kilo et al.,15 but all oral 
antidiabetic treatment was discontinued in Christiansen et al.13 
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Fasting glucose (see Appendix E, Evidence Table 4). Both studies did not find any difference 
between the two treatments in terms of lowering fasting glucose levels.13,15 Kilo et al. also did 
not find any advantage of one regimen over the other with regard to lowering pre-dinner glucose 
levels.15  

Postprandial glucose (see Appendix E, Evidence Table 4). Kilo et al.15 reported that 2-h 
breakfast postprandial glucose levels were lower with NPH insulin, but dinner postprandial 
levels were lower with insulin aspart 70/30; these differences were not statistically significant 
(difference between studies were not reported). In contrast, Christiansen et al.13 found insulin 
aspart 70/30 to be more effective than NPH insulin in lowering breakfast and dinner postprandial 
glucose but did not mention whether this difference was statistically significant or due to chance 
alone (-1.8 and -3.6 mg/dL respectively; p-value not reported). 

Hemoglobin A1c (see Appendix E, Evidence Table 4). Both trials found no difference 
between insulin aspart 70/30 and NPH insulin in terms of lowering A1c. Christiansen et al.13 
found that although A1c decreased in both groups, with reductions of 0.67 and 0.61 percent from 
baseline in the insulin aspart 70/30 and NPH insulin groups, respectively, there was no difference 
between the two treatments (p > 0.05). Similarly, Kilo et al.15 found that although A1c decreased 
from baseline by 1.3 percent in the insulin aspart 70/30 group and by 1.2 percent in the NPH 
insulin group, the difference between the two treatments was not statistically significant (p > 
0.05). 

Hypoglycemia (see Appendix E, Evidence Table 5). There were no major hypoglycemic 
events in these studies. Kilo et al.15 found fewer patients who suffered minor hypoglycemic 
events (6 out of 47 patients versus 11 out of 46 patients) or symptoms of hypoglycemia (10 out 
of 47 patients versus 13 out of 46 patients) with NPH insulin than with insulin aspart 70/30. 
More patients with NPH insulin had nocturnal hypoglycemia, as compared to those taking 
insulin aspart 70/30 (11 out of 47 patients versus 7 out of 46 patients). Christiansen et al.13 also 
found that more patients in the insulin aspart 70/30 group had minor hypoglycemic events than 
did those in the NPH insulin group (77 out of 201 patients versus 68 out of 202 patients). 

Weight change (see Appendix E, Evidence Table 6). In the study by Kilo et al.,15 insulin 
aspart 70/30 was associated with more weight gain than was NPH insulin (0.7 kg versus 0.1 kg), 
although the difference was not statistically significant.  

Other serious adverse events (see Appendix E, Evidence Table 6). Neither of these studies 
comparing insulin aspart 70/30 to an intermediate-acting human insulin reported on injection site 
reactions. Table 5 shows the range of risk differences between insulin aspart 70/30 and 
intermediate-acting human insulins in terms of total serious adverse events, other serious adverse 
events, and withdrawals due to adverse events. 

Insulin aspart 70/30 versus noninsulin antidiabetic agents. Of the seven studies identified 
by our search,46,49,51,54,57,59,60 two compared insulin aspart 70/30 to a combination of a 
thiazolidinedione and glibenclamide,54,57 one to a combination of metformin and 
glibenclamide,51 one to either monotherapy or any combination of a sulfonylurea, metformin, or 
a meglitinide,46 one to metformin, sulfonylurea, or meglitinide alone or a combination of any two 
of these drugs,59 one to metformin plus pioglitazone,60 and one to exenatide.49 

Bebakar et al.46 compared once- or twice-daily insulin aspart 70/30 (n = 128) to oral 
antidiabetic agents (n = 63) in type 2 diabetics who were poorly controlled with oral antidiabetic 
agents. The dose of insulin was adjusted based on the basis of glucose level. The dose of oral 
antidiabetic agents was also adjusted, although addition or substitution of oral antidiabetic agents 
was not permitted during the study.  
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Kvapil et al.51 randomized patients to receive twice-daily insulin aspart 70/30 (n = 107), 
twice-daily insulin aspart 70/30 in combination with metformin (n = 108), or metformin and 
glibenclamide (n = 114). In this study, the metformin dose was kept constant, but the doses of 
insulin aspart 70/30 and glibenclamide were adjusted on the basis of the glucose response. 

Raz et al.54 randomized patients to receive twice-daily insulin aspart 70/30 (n = 97), twice-
daily insulin aspart 70/30 with pioglitazone (n = 93), or glibenclamide with pioglitazone (n = 
91). The pioglitazone dose was kept fixed throughout the study, while the insulin aspart 70/30 
and the glibenclamide doses were adjusted in response to changes in blood glucose. The insulin 
dose was lower in the insulin aspart 70/30 with pioglitazone group than in the insulin aspart 
70/30 alone group (0.2 versus 0.3 units/kg/day). 

In another study, Raz et al.57 compared the efficacy of a combination of insulin aspart 70/30 
and rosiglitazone to a combination of glibenclamide and rosiglitazone. In this study, although the 
dose of insulin aspart 70/30 could be adjusted, doses of rosiglitazone and glibenclamide were 
kept fixed throughout the study.  

Ushakova et al.59 compared twice-daily insulin aspart 70/30 to oral antidiabetic therapy 
(metformin, sulfonylurea, or meglitinide or a combination of any two of these drugs). Although 
the doses of all medications were optimized during the study, there was no dosing protocol.59 

Raskin et al.60 enrolled insulin-naïve individuals with poor glycemic control on oral therapy. 
Before randomization, all participants were given pioglitazone and metformin, and the doses of 
these medications were optimized over 8 weeks. Participants were then randomized to the 
combination of twice-daily insulin aspart 70/30, pioglitazone, and metformin or to oral 
antidiabetic therapy (pioglitazone plus metformin). After randomization, only insulin doses could 
be titrated, so that the oral antidiabetic agent arm had reached its potential to affect blood glucose 
measurements by the time of randomization. 

Nauck et al.49 compared twice-daily exenatide (an incretin mimetic) to twice-daily insulin 
aspart 70/30 in patients with suboptimal diabetes control, with patients being allowed to continue 
their metformin and sulfonylurea treatments. Insulin aspart 70/30 dose was titrated throughout 
the study to achieve optimal glucose control. The exenatide dose, on the other hand, was 
increased only once, at 4 weeks, from 5 micrograms to 10 micrograms twice daily. Since 
exenatide is the only noninsulin antidiabetic agent that is injectable (all others in this review are 
oral agents), we pooled these studies with and without the study by Nauck et al.49 

Fasting glucose (see Appendix E, Evidence Table 4). In terms of lowering fasting glucose, 
insulin aspart 70/30 was found to be more effective than noninsulin antidiabetic agents in all 
studies except one,49 but the difference was statistically significant in only three.46,49,60 When the 
results of all trials were pooled, insulin aspart 70/30 was found to be more effective than oral 
antidiabetic agents in lowering fasting glucose (mean difference = -13.9 mg/dL; 95 percent CI:  
-24.4 to -3.4 mg/dL; p = 0.009; see Figure 14). The funnel plot was asymmetrical, and the trim-
and-fill method showed that three studies need to be imputed to make the plot symmetrical. 
Addition of the imputed studies resulted in a statistically nonsignificant pooled mean difference. 
When the study by Nauck et al.49 that compared exenatide with insulin aspart 70/30 was 
excluded, insulin aspart 70/30 remained significantly different than oral antidiabetic agents in 
terms of lowering fasting glucose (weighted mean difference = -17.3 mg/dL; 95 percent CI:  
-29.3 to -5.4 mg/dL; p = 0.009; see Figure 14), and the publication bias disappeared. 

All seven studies also reported changes in pre-dinner glucose levels. Insulin aspart 70/30 was 
significantly more effective in lowering pre-dinner glucose levels than were noninsulin 
antidiabetic agents in two studies.46,54 In the study by Raz et al.,54 insulin aspart 70/30 in 

43 



combination with pioglitazone, but not alone, was more effective than the combination of 
glibenclamide and pioglitazone in lowering pre-dinner glucose levels. When the results of all 
seven trials were pooled to obtain a summary estimate, insulin aspart 70/30 was found to be 
similar to noninsulin antidiabetic agents in lowering pre-dinner glucose levels (mean difference = 
-13.9 mg/dL; 95 percent CI: -30.4 to 2.7 mg/dL; p = 0.1). When we excluded the study by Nauck 
et al.,49 insulin aspart 70/30 was more effective than noninsulin antidiabetic agents (mean 
difference = -18.0 mg/dL; 95 percent CI: -33.1 to -2.7 mg/dL; p = 0.02). 
 
Figure 14. Meta-analyses of post-treatment differences in fasting glucose (mg/dL) between insulin aspart 
70/30 and noninsulin antidiabetic agents (with and without Nauck et al. 2007)  

 

Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  

 

Test for heterogeneity: Q = 41.86 with 6 degrees of freedom (p < 0.001) 
I-squared statistic = 86 percent 

 
Postprandial glucose (see Appendix E, Evidence Table 4). All seven studies also reported 

changes in postprandial glucose levels. As compared to a combination of a thiazolidinedione and 
glibenclamide, insulin aspart 70/30 lowered postprandial glucose levels in both studies,54,57 but 
the decrease in blood glucose was significant in only one study.54 Similarly, as compared to a 
combination of thiazolidinedione and metformin, insulin aspart 70/30 was more effective in 
lowering postprandial glucose levels in another study.60 Insulin aspart 70/30 was more effective 
than either monotherapy or with any combination of a sulfonylurea, metformin, or a meglitinide 
in lowering dinner postprandial glucose levels in two studies.46,59 On the other hand, no 
difference was found between insulin aspart 70/30 and a combination of metformin and 
glibenclamide in terms of lowering postprandial glucose levels in the study by Kvapil et al.51 
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Nauck et al. found that exenatide was more effective than insulin aspart 70/30 in lowering 
postprandial glucose levels.49 Pooling the results of these studies indicated that insulin aspart 
70/30 lowered postprandial glucose levels more effectively than did the comparators (mean 
difference = -32.8 mg/dL; 95 percent CI: -62.5 to -3.1 mg/dL: p = 0.03; see Figure 15). The 
results did not change even when the study with exenatide49 was excluded from the meta-
analysis (weighted mean difference = -40.7 mg/dL; 95 percent CI: -65.9 to -15.5 mg/dL; p = 
0.002; see Figure 15). 
 
Figure 15. Meta-analyses of post-treatment differences in postprandial glucose (mg/dL) between insulin 
aspart 70/30 and noninsulin antidiabetic agents  

 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled estimate. The width of the horizontal lines represent 95 percent confidence intervals for each study. The diamond at 
the bottom of the graph indicates 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 221.126 with 6 degrees of freedom (p < 0.001) 
I-squared statistic = 97 percent 
 

Six of these seven studies also reported postprandial glucose after breakfast.46,49,51,54,59,60 
Insulin aspart 70/30 performed better than the comparator in four of these studies,46,54,59,60 was 
equal to the comparator in one study,51 and was inferior to the comparator in the sixth study.49 
Pooling the results of these studies pointed to a significant advantage of insulin aspart 70/30 in 
lowering postprandial glucose after breakfast (weighted mean difference = -24.5 mg/dL; 95 
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percent CI: -47.1 to -1.8 mg/dL; p = 0.03). When the study by Nauck et al.49 was excluded from 
the meta-analysis, the postprandial glucose-lowering effect of insulin aspart 70/30 remained 
significant (mean difference = -32.0 mg/dL; 95 percent CI: -47.0 to -17.1 mg/dL; p < 0.001). 

Hemoglobin A1c (see Appendix E, Evidence Table 4). Changes in A1c in response to 
treatment were also reported in all seven studies. Bebakar et al.46 saw a significantly greater 
reduction in A1c with insulin aspart 70/30 than with oral antidiabetic agents (mean difference =  
-0.58 percent; p < 0.001). Similarly, Raz et al.54 reported that HbAlc was significantly lower in 
the combined insulin aspart 70/30 and pioglitazone group than in the glibenclamide and 
pioglitazone group (mean change = -0.64 percent; p = 0.005). However, insulin aspart 70/30 
alone lowered A1c to a similar extent as did glibenclamide and pioglitazone in this trial (p > 
0.05). In another study, Raskin et al.60 found that a combination of insulin aspart 70/30 plus 
metformin plus pioglitazone was more effective than metformin plus pioglitazone in lowering 
A1c (p < 0.001). On the other hand, Raz et al.57 reported that a combination of insulin aspart 
70/30 and rosiglitazone was not more effective than a combination of rosiglitazone and 
glibenclamide in lowering A1c (mean change = -0.5 percent; p > 0.05); however, this study had a 
duration of only 6 weeks, and it is quite possible that the A1c levels had not yet reached a steady 
state with the study medications. Therefore, this study was excluded from the pooled analyses. 
Somewhat similar results were reported by Kvapil et al.51 who found that insulin aspart 70/30, 
whether alone or in combination with metformin, was not more effective than a combination of 
glibenclamide and metformin in lowering A1c (p > 0.05). Similarly, Ushakova et al.59also found 
that insulin aspart 70/30 alone or in combination with metformin was more effective than oral 
antidiabetic agents in lowering A1c levels (p < 0.001 for both comparisons). Nauck et al.49 found 
that insulin aspart 70/30 was slightly worse than exenatide in lowering A1c although the 
difference was not statistically significant (mean difference = 0.15 percent; p = 0.07). When the 
results of all these studies were pooled, insulin aspart 70/30 was found to be more effective than 
noninsulin antidiabetic agents (weighted mean difference = -0.52 percent; 95 percent CI: -1.0 to  
-0.04 percent; p = 0.034; see Figure 16). When the study by Nauck et al.49 was removed from the 
pooled analysis, the main conclusion of the meta-analysis did not change (weighted mean 
difference = -0.61 percent; 95 percent CI: -1.13 to - 0.1 percent; p = 0.02; see Figure 16). 

Hypoglycemia (see Appendix E, Evidence Table 5). There were no major hypoglycemic 
events in five studies.49,51,54,57,59 Bebakar et al.46 reported one major hypoglycemic event in each 
arm, while Raskin et al.60 reported all four major hypoglycemic events in the insulin aspart 70/30 
arm. All seven studies reported the incidence of minor hypoglycemic events. Nauck et al.49 
reported the incidence of only nocturnal hypoglycemia, which was significantly lower in the 
exenatide group (p = 0.038). In all other studies, insulin aspart 70/30 was associated with a 
greater risk of minor hypoglycemia, reaching statistical significance in three studies.46,54,60 When 
the results of these studies were pooled, insulin aspart 70/30 was associated with a higher risk of 
minor hypoglycemia when compared to noninsulin antidiabetic agents (217 out of 762 patients 
versus 79 out of 672 patients; OR = 3.8; 95 percent CI: 1.7 to 8.5; p = 0.001; see Figure 17). 
When the study by Nauck et al.49 was excluded from the analysis, the results did not change 
appreciably (155 out of 539 patients versus 35 out of 473 patients; OR = 4.9; 95 percent CI: 1.8 
to 13.5; p = 0.002; see Figure 17). Four studies reported the incidence of symptom-only 
hypoglycemia.51,54,57,59 Pooling the results of these studies also indicated that insulin aspart 70/30 
was associated with a higher risk of symptom-only hypoglycemia than were the noninsulin 
antidiabetic agents (97 out of 332 patients versus 41 out of 332 patients; OR = 3.9; 95 percent 
CI: 1.2 to 12.4; p = 0.02; see Figure 18). 
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Figure 16. Meta-analyses of post-treatment differences in hemoglobin A1c (%) between insulin aspart 70/30 
and noninsulin antidiabetic agents 

 

Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  

 

Test for heterogeneity: Q = 56.945 with 6 degrees of freedom (p < 0.001) 
I-squared statistic = 89 percent 
 

Weight change (see Appendix E, Evidence Table 6). All seven studies reported on change in 
weight, but the data were not sufficiently reported in two studies to be usable in pooling the 
study results.54,57 In the five other studies, insulin aspart 70/30 was found to be associated with 
weight gain when compared to noninsulin antidiabetic agents (weighted mean difference = 2.8 
kg; 95 percent CI: 0.6 to 5.0 kg; p = 0.01; see Figure 19).  

Other serious adverse events (see Appendix E, Evidence Table 6). None of these studies 
comparing insulin aspart 70/30 to a noninsulin antidiabetic agent reported on injection site 
reactions. Table 5 shows the range of risk differences between insulin aspart 70/30 and 
noninsulin antidiabetic agents in terms of total serious adverse events, other serious adverse 
events, and withdrawals due to adverse events. 

Insulin aspart 70/30 versus other premixed insulin analogues. We found two crossover 
studies that compared insulin aspart 70/30 to insulin lispro 75/25.55,58  
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Figure 17. Meta-analyses of differences in the incidence of mild hypoglycemia between insulin aspart 70/30 
and noninsulin antidiabetic agents 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 26.562 with 6 degrees of freedom (p < 0.001) 
I-squared statistic = 77 percent 

 
Figure 18. Meta-analyses of differences in the incidence of symptom-only hypoglycemia between insulin 
aspart 70/30 and noninsulin antidiabetic agents 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 16.296 with 3 degrees of freedom (p = 0.001) 
I-squared statistic = 82 percent 
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Figure 19. Meta-analyses of post-treatment differences in weight change (kg) between insulin aspart 70/30 
and noninsulin antidiabetic agents 
 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 153.9 with 4 degrees of freedom (p < 0.001) 
I-squared statistic = 97 percent 

 
Niskanen et al.55 compared twice-daily insulin aspart 70/30 to twice-daily insulin lispro 

75/25 in a crossover study. This study was funded by Novo Nordisk, the manufacturer of insulin 
aspart 70/30. In both arms, the insulin dose was titrated to obtain optimal blood glucose control. 
The mean insulin dose was similar for each study drug.  

Hermansen et al.58 compared a single dose of insulin aspart 70/30 to a single dose of insulin 
lispro 75/25 after a test meal in a crossover study. This study was also funded by Novo Nordisk. 
In this study, a similar dose of insulin, based on the weight of the patients, was given. As this 
study was a single-dose study, it was not designed to evaluate either fasting glucose or A1c. In 
addition, this study reported postprandial glucose excursions only. 

Fasting glucose (see Appendix E, Evidence Table 4). Niskanen et al.55 did not find a 
significant difference between the two premixed insulin analogues in terms of lowering fasting 
glucose levels after breakfast (p = 0.42).  

Postprandial glucose (see Appendix E, Evidence Table 4). Niskanen et al.55 also did not find 
a significant difference between the two premixed insulin analogues with regard to lowering 90-
min breakfast or dinner postprandial glucose levels (p = 0.52 and 0.19, respectively). 

Hemoglobin A1c (see Appendix E, Evidence Table 4). Although insulin aspart 70/30 
appeared to be less effective than insulin lispro 75/25 in lowering A1c, the difference was not 
statistically significant (mean difference = 0.14 percent, p = 0.08) in the only study that reported 
this outcome.55 

Hypoglycemia (see Appendix E, Evidence Table 5). One major hypoglycemic event occurred 
with each premixed insulin analogue in the trial by Niskanen et al.55 In Hermansen et al.,58 there 
were two major hypoglycemia episodes with insulin aspart 70/30 and five episodes with insulin 
lispro 75/25. Niskanen et al. reported that 57 out of 132 patients had minor hypoglycemic events 
with insulin aspart 70/30, as compared to 53 out of 132 patients with insulin lispro 75/25.55  

Weight change (see Appendix E, Evidence Table 6). Since both studies were crossover 
studies, treatment-induced changes in weight were not abstracted. 

Other serious adverse events (see Appendix E, Evidence Table 6). Niskanen et al.55 reported 
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that 1 percent of those in the insulin aspart 70/30 arm and 2 percent in the insulin lispro 75/25 
arm experienced injection site reactions. Table 5 shows the range of risk differences between 
insulin aspart 70/30 and insulin lispro 75/25 for other serious adverse events and withdrawals 
due to adverse events. 

 
Insulin Lispro 75/25 

 
Insulin lispro 75/25 versus long-acting insulin analogues. We identified five randomized 

crossover trials63-66,74 and one observational study75 that compared insulin lispro 75/25 to a long-
acting insulin analogue. Insulin glargine was the comparator agent in all these trials.  

Roach et al.63 compared twice-daily insulin lispro 75/25 plus oral antidiabetic agents to once-
daily insulin glargine plus oral antidiabetic agents in a 24-week crossover trial. The insulin dose 
was allowed to be titrated throughout the study to optimize glucose control. The mean daily dose 
of insulin lispro 75/25 was larger than the mean daily dose of insulin glargine (60 versus 44 
units, respectively). The doses of the oral antidiabetic agents were not reported. 

Jacober et al.64 compared insulin lispro 50/50 before breakfast and lunch plus insulin lispro 
75/25 before dinner to once-daily insulin glargine in a crossover trial. The mean insulin dose at 
the end of therapy was greater for premixed insulin lispro than for insulin glargine (p = 0.01). 

Malone et al.65 compared twice-daily insulin lispro 75/25 plus metformin to once-daily 
insulin glargine plus metformin in a crossover study. In this study, the metformin dose was kept 
fixed, but the insulin doses were adjusted to optimize glucose control. At the end of the study, 
the mean daily insulin dose was larger with insulin lispro 75/25, as compared to insulin glargine 
(0.62 versus 0.57 units/kg; p < 0.001). 

With a similar study design but in a different population, Malone et al.66 compared twice-
daily insulin lispro 75/25 plus metformin to once-daily insulin glargine plus metformin. The 
metformin dose was similar at the end of treatment; however, as in previous studies the insulin 
lispro 75/25 dose was significantly larger than the insulin glargine dose (0.42 versus 0.36 
units/kg; p < 0.001). 

Cox et al.74 compared twice-daily insulin lispro 75/25 with once-daily insulin glargine in 
poorly controlled type 2 diabetics. Oral antidiabetic agents were discontinued during the study. 
The doses of both insulin analogues were allowed to be titrated to optimize blood glucose 
control; however, this study did not report the insulin dose used by each treatment group. 

Sun et al.75 performed a retrospective study by abstracting data on insulin naïve patients with 
type 2 diabetes from a U.S. national medical records database.  

Fasting glucose (see Appendix E, Evidence Table 4). All five randomized trials reported 
fasting glucose levels. One study by Jacober et al.64 used insulin lispro 50/50 with breakfast and 
lunch and insulin lispro 75/25 with dinner. Because the fasting glucose level was likely to have 
been affected by the evening insulin injection, we included this trial in the current comparison. In 
all studies, insulin glargine was more effective than insulin lispro 75/25 in lowering fasting 
glucose, but the difference was significant in only one study.65 When these study results were 
pooled, insulin glargine was more effective than insulin lispro 75/25 in lowering fasting glucose 
levels (mean difference = 8.5 mg/dL; 95 percent CI: 3.6 to 13.3 mg/dL; p = 0.001; see Figure 
20). Excluding the study by Jacober et al.64 had no effect on the results of this meta-analysis 
(weighted mean difference = 11.1 mg/dL; 95 percent CI: 4.6 to 17.6 mg/dL; p = 0.001; see 
Figure 20). We also identified an unpublished trial which found insulin glargine to be more 
effective than insulin lispro 75/25, but the difference was not statistically significant.82 
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Figure 20. Meta-analyses of post-treatment differences in fasting glucose (mg/dL) between insulin lispro 
75/25 and long-acting insulin analogues (with and without Jacober et al. 2006) 

 
 
 

Boxes indcate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing more 
to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 2.499 with 4 degrees of freedom (p = 0.645) 
I-squared statistic = 0 percent 
 

Although all five trials reported pre-dinner glucose levels, the study by Jacober et al.64 was 
excluded for the reason stated above. The remaining four trials did not find any difference 
between insulin lispro 75/25 and insulin glargine in terms of lowering pre-dinner glucose 
levels.63,65,66,74 

Postprandial glucose (see Appendix E, Evidence Table 4). All randomized trials reported on 
both dinner and breakfast postprandial glucose levels.63-66,74 However, as noted above, the trial 
by Jacober et al.64 used insulin lispro 50/50 with breakfast and lunch and insulin lispro 75/25 
with dinner. For this trial, only dinner postprandial blood glucose values were used for the meta-
analysis. Insulin lispro 75/25 was more effective than insulin glargine in lowering dinner 
postprandial glucose levels in all studies. In two of the four trials, insulin lispro 75/25 was also 
more effective in lowering breakfast postprandial levels.65,66 Pooling of the studies identified a 
significant advantage for insulin lispro 75/25 in lowering dinner postprandial glucose (mean 
difference = -23.6 mg/dL; 95 percent CI: -30.9 to -16.4 mg/dL; p < 0.001; see Figure 21) and a 
nonsignificant advantage in lowering breakfast postprandial glucose (weighted mean difference 
= -10.0 mg/dL; 95 percent CI: -23.3 to 3.2 mg/dL; p = 0.137). We identified one unpublished 
trial82 that found a significant decrease in dinner postprandial glucose with insulin lispro 75/25 
but no change in breakfast postprandial glucose levels (p = 0.04 and 0.97 respectively). 
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Figure 21. Meta-analyses of post-treatment differences in postprandial glucose (mg/dL) between 
insulin lispro 75/25 and long-acting insulin analogues  

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 2.465 with 4 degrees of freedom (p =0.651) 
I-squared statistic = 0 percent 
 

Hemoglobin A1c (see Appendix E, Evidence Table 4). Of the six studies that compared 
insulin lispro 75/25 to long-acting insulin analogues, five trials reported on the changes in A1c.63-

66,75 As noted above, Jacober et al.64 administered insulin lispro 50/50 with breakfast and lunch 
and insulin lispro 75/25 with dinner; therefore, the change in A1c in this study is a reflection of 
both strengths of insulin. This study found that the premixed insulin lispro based regimen was 
more effective than insulin glargine in lowering A1c (mean difference = -0.26 percent; p = 
0.003). However, there was no significant difference in the percentage of patients who achieved 
the target A1c of less than or equal to 7 percent (44 versus 31 percent respectively; p = 0.1). On 
the other hand, in a study by Malone et al.65 insulin lispro 75/25 was not only able to lower A1c 
more effectively than was insulin glargine (mean difference = -0.4 percent; p = 0.002), but more 
patients achieved the target A1c of less than or equal to 7 percent (42 versus 18 percent; p < 
0.001). In another study, Malone et al.66 found a combination of insulin lispro 75/25 and 
metformin to be more effective than a combination of insulin glargine and metformin in lowering 
A1c (mean difference = -0.60 percent; p < 0.001). Similar results were obtained by Roach et 
al.:63 They found that insulin lispro 75/25 was more effective than insulin glargine in lowering 
A1c (mean difference = -0.4 percent; p < 0.05). In the retrospective review of medical records, 
Sun et al.75 found a significantly larger reduction in A1c with insulin lispro 75/25 than with 
glargine (-0.10 percent, p < 0.05). When the results of the five trials were pooled, insulin lispro 
75/25 was significantly more effective than insulin glargine in lowering A1c (mean difference = 
-0.33 percent; 95 percent CI: -0.48 to -0.17 percent; p < 0.01; see Figure 22). When the study by 
Jacober et al.64 was excluded, there was no change in the results of the meta-analysis (mean 
difference = -0.36 percent; 95 percent CI: -0.59 to -0.14 percent; p < 0.01; see Figure 22). 

Hypoglycemia (see Appendix E, Evidence Table 5). The incidence of all hypoglycemia was 
reported for three trials.64-66 Malone et al.66 found an equal rate of all hypoglycemia with both 
types of insulins (0.61 versus 0.44 episodes/patient/30 days; p = 0.4). On the other hand, Jacober 
et al.64 and Malone et al.65 found a significantly greater incidence of overall hypoglycemia with 
insulin lispro than with insulin glargine (48 out of 58 versus 33 out of 54 patients and 57 out of 
100 versus 40 out of 101 patients respectively). As Jacober et al.64 used two different insulin 
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lispro preparations, it was not possible to identify the hypoglycemic events that were due solely 
to insulin lispro 75/25. Minor hypoglycemia was reported in two studies.63,64 In these studies, 
insulin lispro was associated with a higher risk of minor hypoglycemia, but the difference was 
statistically significant only in the study by Jacober et al.64 Cox et al.74 only reported that there 
was no difference in the incidence of hypoglycemia in the two groups (data not reported). 

 
Figure 22. Meta-analyses of post-treatment differences in hemoglobin A1c between insulin lispro 75/25 and 
long-acting insulin analogues 

 

Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  

 

Test for heterogeneity: Q = 8.108 with 3 degrees of freedom (p = 0.044) 
I-squared statistic = 63 percent 

 
Weight change (see Appendix E, Evidence Table 6). Since all these studies were crossover 

studies, treatment-induced changes in weight were not abstracted. 
Other serious adverse events (see Appendix E, Evidence Table 6). None of these studies 

reported on injection site skin reactions. Table 6 shows the range of risk differences between 
insulin lispro 75/25 and long-acting insulin analogues with regard to withdrawals due to adverse 
events. 

Insulin lispro 75/25 versus rapid-acting insulin analogues. We did not find any study that 
had compared insulin lispro 75/25 to rapid-acting insulin analogues. 
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Table 6. Range of risk differences between insulin lispro 75/25 and other antidiabetic agents for selected adverse events 
 Total serious adverse events Withdrawn due to adverse events Other serious adverse events

Comparison 

Number of 
studies 

included 

Range of risk 
difference* between 
insulin lispro 75/25 

and comparison 

Number of 
studies 

included 

Range of risk 
difference* between 
insulin lispro 75/25 

and comparison 

Number of 
studies 

included 

Range of risk 
difference* between 
insulin lispro 75/25 

and comparison 
Long-acting insulin 

analogues 
0 NA 563-66,74 -0.01 – 0.03 265,66 0 – 0.03 

Rapid-acting insulin 
analogues 

0 NA 0 NA 0 NA 

Rapid-acting with long-
acting insulin 
analogues 

0 NA 0 NA 0 NA 

Premixed human 
insulins 

162 0 812,44,58,62,67,70, 

71,73 
0 258,67 -0.01 – 0 

Intermediate-acting 
human insulins 

0 NA 0 NA 0 NA 

Oral antidiabetic agents 0 NA 268,72 -0.01 – 0.02 1**72 0.01 
Exenatide 0 NA 0 NA 0 NA 
Insulin lispro 50/50 162 0 162 0 0 NA 
* The risk difference is the proportion having an event in the treatment group minus the proportion having an event in the comparison group. Negative risk differences suggest a 
protective effect of the treatment, while positive risk differences suggest a harmful effect of the treatment.  
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** An additional study reported 7 events in the insulin lispro 75/25 arm and 5 events in the oral antidiabetic agents arm.68 
NA = not applicable 

 

 



Insulin lispro 75/25 versus a combination of long-acting and rapid-acting insulin 
analogues. Our search did not find any study that had compared insulin lispro 75/25 to a 
combination of rapid-acting and long-acting insulin analogues. 

Insulin lispro 75/25 versus premixed human insulin. We found nine randomized crossover 
studies10,12,44,58,62,67,70,71,73 and one retrospective observational study75 that compared insulin 
lispro 75/25 to premixed human insulin preparations. Four studies were one-dose studies and 
therefore had only one breakfast postprandial value after a test meal.44,58,62,67 All the studies, 
except the study by Roach et al.,10 compared insulin lispro 75/25 to NPH/regular 70/30.  

In the study by Roach et al.,10 patients were randomized to insulin lispro 50/50 before 
breakfast plus insulin lispro 75/25 before dinner or NPH/regular 50/50 before breakfast plus 
NPH/regular 70/30 before dinner. This study enrolled both type 1 and type 2 diabetics but 
reported results for each type of diabetes separately. The doses of all insulin preparations were 
adjusted to optimize glucose control, and there was no difference in the mean insulin dose at the 
end of the study. 

Mattoo et al.70 compared twice-daily insulin lispro 75/25 to twice-daily NPH/regular 70/30 in 
type 2 diabetics who were fasting during the month of Ramadan. Whether the insulin doses were 
titrated or not was not reported.  

In another study, Roach et al.73 compared twice-daily insulin lispro 75/25 to twice-daily 
NPH/regular 70/30 in patients with type 2 diabetes. Patients who were taking oral antidiabetic 
agents were excluded from the study. The insulin dose was titrated to optimize glucose control, 
and at the end of the study the mean daily insulin doses were similar for both treatment 
sequences.  

Herz et al.12 compared the effect of insulin lispro 75/25 to that of NPH/regular 70/30 on the 
24-h inpatient plasma glucose profile. Insulin doses were adjusted during the trial, and there was 
no difference in the mean daily insulin dose between the two treatments. 

In another study, Herz et al.71 compared the plasma glucose response with insulin lispro 
75/25 to that of a premixed human insulin before and after exercise. The insulin dose was similar 
in both treatment sequences.  

In a three-arm crossover trial, Schwartz et al.62 compared one dose of insulin lispro 75/25 to 
one dose of NPH/regular 70/30 before a test meal. Patients were given an insulin dose that was 
comparable to their regular daily dose. 

In another three-arm, crossover trial, Hermansen et al.58 compared a single dose of insulin 
lispro 75/25 to a single dose of NPH/regular 70/30 before a test meal. All patients received a 
fixed dose of insulin based on their body weight. 

Coscelli et al.67 compared twice-daily insulin lispro 75/25 to NPH/regular 70/30 in diabetic 
patients with Italian dietary habits. However, they evaluated changes in blood glucose after a test 
meal. The mean daily insulin dose was similar in the two treatment groups.  

Malone et al.44 compared a single dose of insulin lispro 75/25 to a single dose of a premixed 
human insulin before a test meal. Oral antidiabetic agents were discontinued for this study. All 
study participants received a fixed dose of insulin based on their body weight. 

Fasting glucose (see Appendix E, Evidence Table 4). We identified four studies that reported 
on fasting blood glucose.10,12,70,73 All four studies were randomized crossover trials and 
compared insulin lispro 75/25 to NPH/regular 70/30, except for the study by Roach et al.,10 in 
which subjects were given NPH/regular 50/50 before breakfast and NPH/regular 70/30 before 
dinner. As noted above, insulin lispro 50/50 was given before breakfast and insulin lispro 75/25 
was given before dinner in this study. Since the fasting glucose levels are likely to be affected by 
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dinner-time insulin, this study was included in this subsection. All four studies found a decrease 
in fasting glucose with insulin lispro 75/25, but the decrease was not statistically significant. One 
study12 did not report numerical values for the fasting glucose levels and therefore could not be 
included in meta-analysis. When the results of these studies were pooled, there was no difference 
between the two treatments in terms of lowering fasting glucose (weighted mean difference = 
0.12 mg/dL; 95 percent CI: -6.05 to 6.29 mg/dL; p = 0.97; see Figure 23).  

 
Figure 23. Meta-analyses of post-treatment differences in fasting glucose (mg/dL) between insulin lispro 
75/25 and premixed human insulin  

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 2.126 with 3 degrees of freedom (p = 0.547) 
I-squared statistic = 0 percent 

 
Three studies reported pre-dinner blood glucose levels.12,70,73 Of the three studies, one70 

found insulin lispro 75/25 to be more effective than the premixed human insulin (mean 
difference = -7.2 mg/dL; p = 0.34). One study only mentioned that there was no difference in 
pre-dinner glucose between the two treatments during inpatient monitoring of the patients,12 and 
the second study reported pre-dinner glucose as a figure with a large overlap between the 
standard error of the mean error bars.73 

Postprandial glucose (see Appendix E, Evidence Table 4). Four studies reported treatment-
related changes in dinner postprandial glucose levels.10,12,70,73 As noted above, we used the data 
from Roach et al.10 only for dinner postprandial values. Insulin lispro 75/25 lowered the dinner 
postprandial blood glucose in all studies, but the decrease was statistically significant in only two 
of the four studies.70,73 When we pooled the study results, insulin lispro 75/25 was more effective 
than the premixed human insulin in lowering dinner postprandial glucose (mean difference =  
-17.8 mg/dL; 95 percent CI: -27.0 to -8.6 mg/dL; p < 0.001; see Figure 24). When we excluded 
the study by Roach et al.,10 the pooled result remained significant (weighted mean difference =  
-18.9 mg/dL; 95 percent CI: -28.7 to -9.2 mg/dL; p < 0.001; see Figure 24).  

Breakfast postprandial glucose levels were reported in eight studies.12,44,58,62,67,70,71,73 As 
noted above, in four of these studies, one dose of the study drugs was given with a test 
meal.44,58,62,67 All studies found insulin lispro 75/25 to be more effective than the premixed 
human insulin in lowering breakfast postprandial glucose levels, but the difference was 
statistically significant in only three of the eight studies.67,71,73 In the pooled analysis, insulin 
lispro 75/25 was more effective than premixed human insulin in lowering breakfast postprandial 
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glucose levels (weighted mean difference = -14.9 mg/dL; 95 percent CI: -21.4 to -8.4 mg/dL; p < 
0.001). 

 
Figure 24. Meta-analyses of post-treatment differences in postprandial glucose (mg/dL) between insulin 
lispro 75/25 and premixed human insulin preparations  

 
Boxes indcate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing more 
to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 0.462 with 3 degrees of freedom (p =0.927) 
I-squared statistic = 0 percent 

 
Hemoglobin A1c (see Appendix E, Evidence Table 4). Three of nine studies reported 

changes in A1c levels.10,73,75 Roach et al.73 did not find any significant difference between insulin 
lispro 75/25 and the premixed human insulin in terms of decreasing A1c levels after 6 months of 
followup (mean difference = 0.2 percent; p = 0.41). Similar results were reported in the second 
study by Roach et al.,10 which used two different insulin lispro preparations (insulin lispro 75/25 
and insulin lispro 50/50) and did not find any difference between the two treatment regimens in 
terms of lowering A1c levels (mean difference = 0.07 percent; p = 0.37). The retrospective chart 
review found insulin lispro 75/25 to be more effective than premixed human insulin in lowering 
A1c (-0.12 percent; statistical significance not reported), but it did not provide enough data for a 
meta-analysis. 

Hypoglycemia (see Appendix E, Evidence Table 5). Schwartz et al.62 reported one episode of 
minor hypoglycemia in which a patient received a premixed human insulin before the test meal 
but received insulin lispro at lunch, making it difficult to attribute this event to a premixed 
formulation. Roach et al.73 did not find a difference in the incidence of all hypoglycemia between 
insulin lispro 75/25 and a premixed human insulin (42 versus 35 percent respectively; p = 0.4). 
Similarly, Herz et al.12 and Mattoo et al.70 also reported a similar hypoglycemia rate for the two 
treatment regimens (p = 0.59 and 0.72, respectively). Hermansen et al.58 reported fewer 
hypoglycemic events with a premixed human insulin than with insulin lispro 75/25 (11 versus 19 
events among 44 and 42 patients, respectively), although they did not report whether the 
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difference was significant. Malone et al.44 reported that the distribution of hypoglycemic 
episodes was similar for the two premixed insulin preparations. Coscelli et al.67 reported a total 
of 11 hypoglycemic episodes during the study, but the difference between the two treatments 
was not statistically significant.  

Weight change (see Appendix E, Evidence Table 6). Since all these studies were crossover 
studies, treatment-induced changes in weight were not abstracted. 

Other serious adverse events (see Appendix E, Evidence Table 6). In the study by Schwartz 
et al.,62 one patient (5 percent) in the insulin lispro 75/25 arm, but none in the NPH/regular 70/30 
arm, experienced an injection site reaction. Table 6 shows the range of risk differences between 
insulin lispro 75/25 and premixed human insulins in terms of total serious adverse events, 
withdrawals due to adverse events, and other serious adverse events. 

Insulin lispro 75/25 versus intermediate-acting human insulin. We did not find any study 
that compared insulin lispro 75/25 to an intermediate-acting human insulin. 

Insulin lispro 75/25 versus noninsulin antidiabetic agents. We found three randomized 
parallel-arm studies that compared insulin lispro 75/25 to noninsulin antidiabetic agents.43,68,72 
Tirgoviste et al.43 compared insulin lispro 75/25 to a fixed dose of glibenclamide. Malone et al.68 
compared a combination of insulin lispro 75/25 and metformin to a combination of 
glibenclamide and metformin. Herz et al.72 compared insulin lispro 75/25 to a fixed dose of 
glyburide. All trials were 16 weeks in duration and reported on all intermediate outcomes. The 
insulin lispro 75/25 dose was titrated in order to optimize glucose control. Oral antidiabetic 
agents’ doses were adjusted to optimize glucose control in only one study.68 

Fasting glucose (see Appendix E, Evidence Table 4). In terms of fasting glucose, all three 
trials individually found insulin lispro 75/25 to be more effective than noninsulin antidiabetic 
agents in lowering fasting glucose, but this difference was not significant in one study.68 Pooling 
the results of all three studies indicated that insulin lispro 75/25 was more effective than 
noninsulin antidiabetic agents in lowering fasting glucose levels (weighted mean difference =  
-31.4 mg/dL; 95 percent CI: -45.7 to -17.1 mg/dL; p < 0.001; see Figure 25).  

 
Figure 25. Meta-analyses of post-treatment differences in fasting glucose (mg/dL) between insulin lispro 
75/25 and noninsulin antidiabetic agents  

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 2.995 with 2 degrees of freedom (p = 0.224) 
I-squared statistic = 33 percent 
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Insulin lispro 75/25 was also significantly more effective in reducing pre-dinner glucose 
levels in all three studies. When the results of these studies were pooled, insulin lispro 75/25 
remained more effective than noninsulin antidiabetic agents in terms of lowering pre-dinner 
glucose levels (weighted mean difference = -25.0 mg/dL; 95 percent CI: -37.0 to -13.1 mg/dL; p 
< 0.001). 

Postprandial glucose (see Appendix E, Evidence Table 4). With regard to postprandial 
glucose levels, insulin lispro 75/25 was more effective than oral antidiabetic agents in all three 
trials. When the results of these studies were pooled, insulin lispro 75/25 remained more 
effective than its comparator in lowering postprandial glucose levels after dinner (weighted mean 
difference = -47.3 mg/dL; 95 percent CI: -63.5 to -31.0 mg/dL; p < 0.001; see Figure 26) and 
after breakfast (weighted mean difference = -54.2 mg/dL; 95 percent CI: -70.7 to -37.7 mg/dL; p 
< 0.001). 

 
Figure 26. Meta-analyses of post-treatment differences in postprandial glucose (mg/dL) between insulin 
lispro 75/25 and noninsulin antidiabetic agents  

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 0.631 with 2 degrees of freedom (p =0.729) 
I-squared statistic = 0 percent 
 

Hemoglobin A1c (see Appendix E, Evidence Table 4). In two trials,43,72 insulin lispro 75/25 
was more effective than noninsulin antidiabetic agents in lowering A1c, but the difference was 
not statistically significant in the third trial.68 Pooling the study results indicated that insulin 
lispro 75/25 was not significantly more effective than oral antidiabetic agents in lowering A1c 
levels (weighted mean difference = -0.42 percent; 95 percent CI: -1.00 to 0.16 percent; p = 0.15; 
see Figure 27). 

Hypoglycemia (see Appendix E, Evidence Table 5). In the study by Tirgoviste et al.,43 the 
incidence of hypoglycemia was higher in patients treated with insulin lispro 75/25 than in those 
treated with glibenclamide (44.7 versus 10.3 percent; p = 0.001). Similar results were reported by 
Herz et al.,72 who found a lower rate of hypoglycemia in patients treated with glibenclamide. In 
contrast, Malone et al.68 found a higher rate of overall hypoglycemia in the oral antidiabetic 
treatment arm, although the difference did not reach statistical significance (p = 0.07). Pooling 
the results of these three studies indicated no difference in the overall hypoglycemia rate 
(hypoglycemia incidence not reported by all trials) measured as episodes per patient per 30 days 
(rate ratio = 4.86; 95 percent CI: 0.48 to 49.52; p = 0.18; see Figure 28). 
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Figure 27. Meta-analyses of post-treatment differences in hemoglobin A1c (%) between insulin lispro 75/25 
and noninsulin antidiabetic agents 
 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 2.995 with 2 degrees of freedom (p = 0.224)  
I-squared statistic = 33 percent 

 
Figure 28. Meta-analyses of differences in the incidence of mild hypoglycemia between insulin lispro 75/25 
and noninsulin antidiabetic agents 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 51.295 with 2 degrees of freedom (p < 0.001) 
I-squared statistic = 96 percent 

 
Weight change (see Appendix E, Evidence Table 6). Insulin lispro 75/25 was associated with 

weight gain in all three studies, and this effect was significant in two studies.43,72 When the 
results of these studies were pooled, insulin lispro 75/25 was associated with a larger weight 
increase than were oral antidiabetic agents (weighted mean difference = 1.88 kg; 95 percent CI: 
1.35 to 2.41 kg; p < 0.001; see Figure 29). 

Other serious adverse events (see Appendix E, Evidence Table 6). Injection site reactions 
were not evaluated in any of these studies. Table 6 shows the range of risk differences between 
insulin lispro 75/25 and oral antidiabetic agents in terms of withdrawals due to adverse events 
and other serious adverse events. 
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Figure 29. Meta-analyses of post-treatment differences in weight change (kg) between insulin lispro 75/25 
and noninsulin antidiabetic agents 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 1.335 with 2 degrees of freedom (p = 0.513) 
I-squared statistic = 0 percent 
 

Insulin lispro 75/25 versus other premixed insulin analogues. We identified four 
randomized crossover studies: two comparing insulin lispro 75/25 to insulin aspart 70/30,55,58 
one to insulin lispro 50/50,62 and one to a combination of morning insulin lispro 50/50 and 
dinner insulin lispro 75/25.69  

Details of the comparison in two studies have been reviewed above in the insulin aspart 
70/30 section.55,58 In the third study, Schwartz et al.62 compared insulin lispro 75/25 and insulin 
lispro 50/50 in a single-dose, three-way crossover trial. The doses of both insulin preparations 
were comparable and fixed in this study. Roach et al.69 compared a regimen of insulin lispro 
50/50 before breakfast plus insulin lispro 75/25 before dinner to twice-daily insulin lispro 75/25. 
There was no difference in the morning or evening mean insulin dose between the two 
treatments in this study (p = 0.85 and 0.88 respectively). 

Fasting glucose (see Appendix E, Evidence Table 4). Fasting glucose levels were reported in 
only one study,55 which did not find a significant difference between the two premixed insulin 
analogues. In the second study, one dose of the study medication was given with a test meal and 
blood glucose levels were measured,62 and therefore fasting glucose levels from this study were 
not available. In the third study,69 insulin lispro 75/25 was given at dinner to both arms, and 
therefore fasting glucose levels were likely to reflect insulin lispro 75/25 in both arms. 

Postprandial glucose (see Appendix E, Evidence Table 4). With regard to postprandial 
glucose, the comparison between insulin aspart 70/30 and insulin lispro 75/25 did not find a 
significant advantage of one premixed insulin analogue over the other in terms of lowering 
dinner or breakfast postprandial glucose levels.55 In the second study,62 insulin lispro 50/50 was 
more effective than insulin lispro 75/25 in lowering postprandial glucose levels after a test-meal 
(p < 0.05). In the third study,69 insulin lispro 75/25 was inferior to insulin lispro 50/50 in terms of 
lowering postprandial glucose levels after breakfast (p = 0.001). Dinner postprandial glucose 
levels were not compared in the third study, since both treatment arms received the same insulin 
formulation. The fourth study did not report postprandial glucose levels after 2 h or 90 min of the 
test meal.58 

Hemoglobin A1c (see Appendix E, Evidence Table 4). Only one study reported changes in 
A1c levels and did not find a significant difference between insulin lispro 75/25 and insulin 
aspart 70/30 in terms of lowering A1c levels (mean difference = 0.14 percent, p = 0.08).69 
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Hypoglycemia (see Appendix E, Evidence Table 5). In one study,62 it was not possible to 
discern which insulin preparation was responsible for the hypoglycemic events. In the other three 
studies, the overall hypoglycemia event rates did not differ.55,58,69 When the results of these 
studies were combined, there was no difference between insulin lispro 75/25 and the other 
premixed insulin analogues (rate ratio = 1.13; 95 percent CI: 0.97 to 1.31; p = 0.12; see Figure 
30). 

 
Figure 30. Meta-analyses of differences in the incidence of mild hypoglycemia between insulin lispro 75/25 
and other premixed insulin analogues 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 1.657 with 2 degrees of freedom (p =0.437) 
I-squared statistic = 0 percent 

 
Weight change (see Appendix E, Evidence Table 6). Because all the trials had a crossover 

design, we did not abstract weight change data. 
Other serious adverse events (see Appendix E, Evidence Table 6). Schwartz et al.62 reported 

one injection site reaction in each of the premixed insulin analogue arms. Table 6 shows the 
range of risk differences between insulin lispro 75/25 and other premixed insulin analogues in 
terms of total serious adverse events and withdrawals due to adverse events. 
 
Insulin Lispro 50/50 

 
Insulin lispro 50/50 versus long-acting insulin analogues. Our search identified three 

randomized trials64,76,79 that compared insulin lispro 50/50 to a long-acting insulin analogue, 
insulin glargine in all three cases. The study by Jacober et al.64 compared a regimen of insulin 
lispro 50/50 before breakfast and lunch and insulin lispro 75/25 before dinner to a once-daily 
insulin glargine injection over a 16-week period, while the study by Kazda et al.76 was a parallel-
arm trial that compared insulin lispro 50/50 to insulin glargine over a followup of 24 weeks. A 
third study, the parallel-arm trial,79 compared thrice-daily insulin lispro 50/50 plus metformin 
twice-daily to daily insulin glargine plus metformin twice-daily. The insulin dose was 
significantly higher in the premixed insulin analogue arm than in the insulin glargine arm in all 
three studies.  

Fasting glucose (see Appendix E, Evidence Table 4). Fasting glucose was reported in two 
studies.76,79 Kazda et al.76 reported that insulin glargine was more effective than insulin lispro 
50/50 in lowering fasting glucose (mean difference = -30.6 mg/dL; p < 0.001). Similarly, 
Robbins et al.79 found that glargine plus metformin was more effective than insulin lispro 50/50 
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plus metformin in lowering fasting glucose (mean difference = -28 mg/dL; p < 0.001). Pre-
dinner glucose levels were reported in three trials.64,76,79 Pooling the results of these trials 
indicated that insulin lispro 50/50 was more effective in lowering pre-dinner fasting glucose than 
was insulin glargine (mean difference = -10.9 mg/dL, 95 percent CI: -18.5 to -3.4 mg/dL; p = 
0.004; see Figure 31). 

 
Figure 31. Meta-analyses of post-treatment differences in fasting glucose (mg/dL) between insulin lispro 
50/50 and long-acting insulin analogues 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 0.699 with 2 degrees of freedom (p = 0.705) 
I-squared statistic = 0 percent 

 
Postprandial glucose (see Appendix E, Evidence Table 4). Postprandial glucose was reported 

in all three trials.64,76,79 Jacober et al.64 found a significant decrease in postprandial glucose levels 
after breakfast (p < 0.003) with insulin lispro 50/50, as compared to insulin glargine. Similarly, 
Robbins et al.79 found insulin lispro 50/50 to be more effective than insulin glargine in reducing 
2-h postprandial glucose after breakfast (-10 mg/dL; p = 0.03) and after dinner (36 mg/dL; p < 
0.001). Kazda et al.76 found insulin lispro 50/50 to be more effective than insulin glargine in 
lowering postprandial glucose levels after dinner but not after breakfast (p-value not reported). 
When the results from these trials were pooled, insulin lispro 50/50 was found to be more 
effective than insulin glargine in lowering postprandial glucose levels (mean difference = -32.7 
mg/dL; 95 percent CI: -48.2 to -17.1 mg/dL; p < 0.001; see Figure 32). 

Hemoglobin A1c (see Appendix E, Evidence Table 4). Changes in A1c in response to 
treatment were reported in the three studies.64,76,79 Jacober et al. found a greater decrease in A1c 
with insulin lispro 50/50 given with breakfast and lunch and insulin lispro 75/25 given with 
dinner than with insulin glargine (mean difference = -0.26 percent; p = 0.007). However, this 
result reflects combined treatment with two premixed preparations of insulin lispro and cannot 
be attributed to a single preparation. In the second study by Kazda et al.,76 thrice-daily insulin 
lispro 50/50 was more effective than once-daily insulin glargine in lowering A1c (-0.9 percent; p 
< 0.001). Robbins et al.79 found insulin lispro 50/50 plus metformin to be more effective than 
insulin glargine plus metformin in reducing A1c levels (mean difference = -0.4; p < 0.001). 
Pooling the results of these studies also indicated that insulin lispro 50/50 was more effective 
than insulin glargine in lowering A1c (mean difference = -0.4 percent; 95 percent CI: -0.65 to  
-0.15 percent; p = 0.002; see Figure 33).  
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Figure 32. Meta-analyses of post-treatment differences in postprandial glucose (mg/dL) between insulin 
lispro 50/50 and long-acting insulin analogues 

 Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 7.527 with 2 degrees of freedom (p = 0.023) 
I-squared statistic = 73 percent 

 
Figure 33. Meta-analyses of post-treatment differences in hemoglobin A1c (%) between insulin lispro 50/50 
and long-acting insulin analogues 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 7.3 with 2 degrees of freedom (p = 0.026) 
I-squared statistic = 73 percent 
 

Hypoglycemia (see Appendix E, Evidence Table 5). Insulin glargine was associated with a 
lower risk of hypoglycemia in the three studies.64,76,79 Jacober et al.64 reported that a significantly 
larger number of patients receiving premixed insulin analogues had at least one episode of 
hypoglycemia when compared with those receiving insulin glargine (48 out of 58 patients versus 
33 out of 54 patients; p = 0.01). In Kazda et al.,76 44.4 percent of the patients treated with insulin 
lispro 50/50 had at least one episode of hypoglycemia, as compared to 32.1 percent of those 
treated with insulin glargine (p-value not reported). In Robbins et al.,79 both arms had a similar 
incidence of severe hypoglycemia and nocturnal hypoglycemia (3 versus 2 and 17 versus 19 
among 157 and 158 patients respectively; p = nonsignificant for both); however, the overall 
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hypoglycemia incidence was higher in the insulin lispro 50/50 group (45 versus 28 among 157 
and 158 patients; p = 0.02). 

Weight change (see Appendix E, Evidence Table 6). Robbins et al.79 reported a significant 
weight gain in the insulin lispro 50/50 arm as compared to the insulin glargine arm (mean 
difference = 1.7 kg; p < 0.001). Similarly, Kazda et al.76 reported a larger increase in BMI with 
insulin lispro 50/50 than with insulin glargine, although this difference did not reach statistical 
significance (mean difference = 0.4 kg/m2; p = 0.19).  

Other serious adverse events (see Appendix E, Evidence Table 6). None of the studies 
reported on injection site reactions. Table 7 shows the range of risk differences between insulin 
lispro 50/50 and long-acting insulin analogues with regard to withdrawals due to adverse events. 

Insulin lispro 50/50 versus rapid-acting insulin analogues. We found only one study that 
compared insulin lispro 50/50 to rapid-acting prandial insulin lispro.76 In this study, Kazda et al. 
compared insulin lispro 50/50 thrice-daily before meals to rapid-acting insulin lispro three times 
before meals over a period of 24 weeks. The insulin dose was allowed to be titrated to achieve 
optimal glucose control. All oral antidiabetic agents were discontinued. At the end of the study, 
the mean daily insulin dose was lower in the rapid-acting insulin lispro group than in the insulin 
lispro 50/50 group (0.50 versus 0.59 units/kg; p-value not reported).  

Intermediate outcomes (see Appendix E, Evidence Table 4). This study did not find any 
difference between insulin lispro 50/50 and rapid-acting insulin lispro in terms of lowering 
fasting glucose (mean difference = 0 mg/dL; p > 0.05) or postprandial glucose (mean difference 
= 3.6 mg/dL; p > 0.05). Similarly, there was no difference between insulin lispro 50/50 and 
rapid-acting insulin lispro in terms of lowering A1c levels (mean difference = -0.1 percent; p = 
0.57). 

Adverse events (see Appendix E, Evidence Tables 5 and 6). The incidence of hypoglycemia 
was greater with rapid-acting insulin lispro than with insulin lispro 50/50 (53.8 percent versus 
44.4 percent; p-value not reported). Similarly, there was a larger increase in BMI with rapid-
acting insulin lispro than with insulin lispro 50/50 (mean difference = 0.3 kg/m2; p = 0.048). 
This study did not report on injection site reactions. Table 7 shows the risk difference between 
insulin lispro 50/50 and rapid-acting insulin lispro in terms of withdrawals due to adverse events. 

Insulin lispro 50/50 versus a combination of long-acting and rapid-acting insulin 
analogues. We identified one parallel-arm study by Rosenstock et al.80 that evaluated thrice-
daily insulin lispro 50/50 against an insulin glargine at bedtime plus mealtime rapid-acting 
insulin lispro regimen. This randomized open-label trial did allow investigators to replace the 
evening meal insulin lispro 50/50 with insulin lispro 75/25. At the end of the study, the mean 
insulin dose was higher for the insulin glargine arm than for the insulin lispro 50/50 arm (147 
versus 159 units, p = 0.002). 

Intermediate outcomes (see Appendix E, Evidence Table 4). In this study, insulin glargine 
plus rapid-acting insulin lispro combination was more effective than insulin lispro 50/50 in 
lowering fasting glucose (147 versus 159 mg/dL; p = 0.013) and 2-h postbreakfast glucose (155 
versus 174 mg/dL; p = 0.002).80 Similarly, the insulin glargine plus rapid-acting insulin lispro 
combination was more effective in lowering A1c (6.8 versus 6.9 percent; p = 0.02) and in 
increasing the number of patients who achieved the target A1c of less than 7.0 percent (69 versus 
54 percent, p = 0.009). 

 



Table 7. Range of risk differences between insulin lispro 50/50 and other antidiabetic agents for selected adverse events 
 Total serious adverse events Withdrawn due to adverse events Other serious adverse events

Comparison 

Number of 
studies 

included 

Range of risk 
difference* between 
insulin lispro 50/50 

and comparison 

Number of 
studies 

included 

Range of risk 
difference* between 
insulin lispro 50/50 

and comparison 

Number of 
studies 

included 

Range of risk 
difference* between 
insulin lispro 50/50 

and comparison 
Long-acting insulin 

analogues 
179 0.04 364,76,79 0 – 0.03 0 NA 

Rapid-acting insulin 
analogues 

0 NA 176 0 0 NA 

Rapid-acting with long-
acting insulin 
analogues 

180 -0.02 0 NA 0 NA 

Premixed human 
insulins 

162 0 410,62,77,78 0 177 -0.12 

Intermediate-acting 
human insulins 

0 NA 0 NA 0 NA 

Oral antidiabetic agents 0 NA 0 NA 0 NA 
Exenatide 0 NA 0 NA 0 NA 
* The risk difference is the proportion having an event in the treatment group minus the proportion having an event in the comparison group. Negative risk differences suggest a 
protective effect of the treatment, while positive risk differences suggest a harmful effect of the treatment.  
NA = not applicable 
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Adverse events (see Appendix E, Evidence Table 5 and 6). The incidence of overall, 
nocturnal, and severe hypoglycemia was similar between the two arms (169 out of 187 patients 
versus 166 out of 187 patients, p = 0.7; 109 versus 110, p = 1.0; 6 versus 4, p = 0.7 respectively). 
Similarly, there was no difference in the amount of weight gain (4.0 kg vs. 4.5 kg; p = 0.2). This 
study reported a total of 22 serious adverse events, nine of which were in the premixed insulin 
lispro group and 13 in the insulin glargine plus rapid-acting group. Table 7 shows the range of 
risk differences between insulin lispro 50/50 and long-acting insulin analogues plus a rapid-
acting insulin analogue in terms of withdrawals due to adverse events. 

Insulin lispro 50/50 versus premixed human insulin. We identified three randomized 
crossover studies10,62,77 and one parallel-arm study78 that compared insulin lispro 50/50 to 
premixed human insulin preparations. In the first crossover study,62 only one fixed dose of the 
study medication was given with a test meal, and glucose levels were measured. In the second 
study,10 insulin lispro 50/50 with the morning meal and insulin lispro 75/25 with evening meal 
was compared to NPH/regular 50/50 with breakfast and NPH/regular 70/30 with dinner. Both 
these studies have been discussed in the preceding sections.  

Schernthaner et al.77 compared thrice-daily insulin lispro 50/50 before each meal to twice-
daily NPH/regular 70/30 in type 2 diabetic patients who had previously been treated with other 
insulin preparations. The insulin dose was adjusted throughout the study to optimize glucose 
control. There was no difference in the total daily dose at the end of the study between the two 
treatments. 

Yamada et al.78 compared twice-daily insulin lispro 50/50 with twice-daily premixed human 
insulin preparations. The insulin dose was adjusted during the study in order to optimize glucose 
control, and there was no difference in the total daily insulin dose between the two arms at the 
end of the study (p > 0.05). 

Fasting glucose (see Appendix E, Evidence Table 4). Of the four studies, two evaluated 
changes in fasting glucose levels. In one trial, there was no difference between insulin lispro 
50/50 and a premixed human insulin in terms of lowering fasting glucose.78 In the second trial,77 
the premixed human insulin was more effective than insulin lispro 50/50 in lowering fasting 
glucose (p < 0.001).  

Changes in pre-dinner glucose levels were evaluated in two studies.10,77 Roach et al.10 found 
insulin lispro 50/50 to be less effective than NPH/regular 50/50 in lowering pre-dinner glucose 
levels (mean difference = 4.32 mg/dL; p = 0.01). On the other hand, Schernthaner et al.77 found 
insulin lispro 50/50 to be more effective than NPH/regular 70/30 in lowering pre-dinner glucose 
levels, although this difference was not statistically significant (mean difference = -13.0 mg/dL, 
p = 0.06).  

Postprandial glucose (see Appendix E, Evidence Table 4). Dinner and breakfast postprandial 
glucose levels were reported by two and three studies, respectively. Insulin lispro 50/50 was 
more effective than premixed human insulin in lowering dinner postprandial glucose in one of 
the two studies77 and in lowering breakfast postprandial glucose levels in two of the three 
studies.10,62 In a pooled analysis, insulin lispro 50/50 was more effective in lowering breakfast 
postprandial glucose levels (weighted mean difference = -30.3 mg/dL; 95 percent CI: -55.6 to -
5.0 mg/dL; p = 0.02).  

Hemoglobin A1c (see Appendix E, Evidence Table 4). Two77,78 of the four trials reported 
treatment-related changes in A1c. Schernthaner et al.77 found that although A1c decreased from 
baseline in both treatment arms, the decrease was significantly greater with insulin lispro 50/50 
than with NPH/regular 70/30 (mean difference = -0.5 percent; p = 0.01). Similarly, Yamada et 
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al.78 also found insulin lispro 50/50 to be more effective than the premixed human insulin 
preparations in lowering A1c (mean difference = -0.31 percent; p < 0.05). 

Hypoglycemia (see Appendix E, Evidence Table 5). In one study,62 the insulin preparation 
that was responsible for the hypoglycemia was not clear. In the other three studies, there was no 
difference between the insulin lispro 50/50 and the premixed human insulin in terms of the 
incidence or rate of hypoglycemia.10,77,78 

Weight change (see Appendix E, Evidence Table 7). The only parallel-arm study did not 
report on the weight change during the trial with study drugs. 

Other serious adverse events (see Appendix E, Evidence Table 6). One study reported one (4 
percent) injection site reaction in the insulin lispro 50/50 arm and no reactions in the premixed 
human insulin arm.62 Table 6 shows the range of risk differences between insulin lispro 50/50 
and premixed human insulins in terms of withdrawals due to adverse events. 

Insulin lispro 50/50 versus intermediate-acting human insulin. We could not identify any 
study that had performed this comparison. 

Insulin lispro 50/50 versus noninsulin antidiabetic agents. Our search did not find any 
study that had performed this comparison. 

Insulin lispro 50/50 versus other premixed insulin analogues. We found one study 
comparing insulin lispro 50/50 to insulin lispro 75/25,62 and one study comparing a regimen of 
insulin lispro 50/50 in the morning and insulin lispro 75/25 in the evening to twice-daily insulin 
lispro 75/25.69 Both these studies have been noted in the preceding sections. 

Intermediate outcomes (see Appendix E, Evidence Table 4). These studies did not report 
changes in either fasting glucose levels or pre-dinner glucose levels after treatment with insulin 
lispro 50/50. Both studies reported postprandial glucose levels after breakfast and found insulin 
lispro 50/50 to be more effective than insulin lispro 75/25 in lowering glucose levels (p < 0.05 in 
both studies). Although A1c was reported in one crossover study,69 the duration of followup was 
only 8 weeks in each study period, with no washout period, raising the possibility of a carryover 
effect from the previous treatment period.  

Adverse events (see Appendix E, Evidence Tables 5 and 6). Roach et al.69 found a higher 
incidence of overall hypoglycemia with insulin lispro 50/50 than with insulin lispro 75/25, 
although this difference was not statistically significant (32.4 percent versus 26.1 percent; p = 
0.08). 

 
Publication Bias 

 
For the body of literature on fasting glucose values comparing for insulin aspart 70/30 with 

noninsulin antidiabetic agents, we found strong evidence of publication bias. As mentioned 
earlier, the funnel plot was asymmetrical and the trim-and-fill method showed that three studies 
need to be imputed to make the plot symmetrical. We did not find strong evidence of publication 
bias for all other comparisons for intermediate outcomes. 

 
Study Quality Assessment 

 
The overall quality of the included studies was fair to good (see Appendix E, Evidence Table 

7). All the trials except two52,75 were RCTs. Randomization methods were described in 17 
studies32,39,43,45,47-51,55,57-59,65,78-80 and were adequate in all these studies except one.47 The 
remaining RCTs did not describe their randomization methods is sufficient detail. 
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Only seven trials used blinding of the treatment at some stage of the trial. Five trials used 
blinding for patients and providers,13,44,48,62,69 while the remaining two trials used blinding for 
outcome assessors.32,45 It is difficult to achieve blinding of patients and providers because 
premixed insulin analogues need to be given with meals, while the other insulin preparations are 
generally given at other times, with different frequency, or with a different route of 
administration.  

For outcomes based on blood tests, the outcome assessment was unlikely to have been biased 
by the lack of blinding. However, the assessment of other outcomes could have been biased. 
Several studies asked patients to maintain a diary of their blood glucose levels. This self-
monitoring of blood glucose may have affected the accurate and precise measurement of fasting 
and postprandial blood glucose.  

In two studies, followup was inadequate to fully assess the effectiveness of premixed insulin 
analogues in lowering A1c levels.57,69 Four studies had complete followup, with no study 
participant lost during followup,10,43,52,68 while eight studies lost more than 10 percent of the 
enrolled participants during followup.12,54,61,63,64,74,75,80 In all the remaining studies, the 
percentage of patients who were lost to followup was less than 10 percent. Of the studies in 
which some patients withdrew, six studies12,53,67,70,74,75 either did not provide a description of 
withdrawals or the withdrawals were described inadequately; the remaining studies had an 
adequate description of withdrawals.  

As mentioned earlier, the source of funding was the pharmaceutical industry in the case of all 
trials except two; one was funded jointly by the NIH and Eli Lilly,74 and the other was funded by 
the Japan Diabetes Foundation.61 Six trials did not report their source of funding.43,44,60,65,66,71 A 
statement regarding conflict of interest was not included in 27 studies.10-12,15,43,44,46,47,51,55-

61,64,65,67-71,74,77,78,83 
The study conclusions were reflective of the study results in most cases, except for five 

studies in which the conclusions were only partially supported by the results.13,52,53,64,72 
 

Applicability Assessment 
 
Generalization of these results to the U.S. diabetic population and current clinical practice 

was limited by the fact that all the identified studies were efficacy trials and not effectiveness 
trials (see Appendix E, Evidence Table 8). Participants were recruited from outpatient clinics in 
three trials,47,49,57 from subspecialty clinics in three additional trials,62,67,72 from both outpatient 
and subspecialty clinics in one trial,52 from clinics and hospitals in one trial,61 and from clinical 
centers (without further details being specified) in one trial.32 The remaining trials did not 
mention the population source from which the participants were enrolled. The ratio of enrolled 
patients to the screened population was not reported in 22 studies;10-13,39,43,44,47,50,56,57,61,63,66,67,69-

71,73,75,77,78 in all the other studies, this ratio was higher than 50 percent. In four trials, more than 
10 percent of the participants were excluded during the lead-in period.39,46,60,66 

Most studies enrolled patients similar in age to the general U.S. diabetic population, except 
for the case of five studies.47,48,62,72,77 Women were underrepresented in five trials,46,52,57,62,78 and 
in two trials there were more women than men.39,59 One study did not report on the sex ratio.74 In 
five trials, the proportion of enrolled racial and ethnic groups was reflective of the general 
population in the U.S.15,39,60,75,80 Twenty-one trials did not report on the race/ethnicity admixture 
of the enrolled population,10-12,43-45,48-50,54-56,58,59,65,66,70-73,77 and the remaining trials did not have a 
racial and ethnicity admixture reflective of the U.S. population.  
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In most trials, the spectrum of diabetic complications and comorbidities among the enrolled 
participants was limited. Some trials excluded insulin-naïve patients, while other trials excluded 
all insulin-treated patients. All trials either excluded patients with cardiac, renal, or hepatic 
disease or did not report whether or not such patients were included, thus limiting our ability to 
generalize the results to these subpopulations.  

The dose of insulin, route of administration, and schedule of administration were reflective of 
clinical practice or were easy to replicate in clinical practice in all trials except in one,70 in which 
patients who wished to fast were given insulin during the month of Ramadan. The monitoring of 
the treatment was reflective of general clinical practice in most studies except 
seven.12,13,15,43,44,53,71 In one trial,43 adjustments to the insulin dose were made every few days, 
and the patients had frequent visits during the study period. In another study, investigators 
telephoned patients at least once weekly,12 while in three studies monitoring of blood glucose 
was too frequent to be implemented in clinical practice.13,15,53 In two studies, patients were 
hospitalized or closely monitored throughout the duration of the study, a situation that cannot be 
applied in clinical practice.44,71 Premixed insulin analogues were compared with adequate dosing 
and schedule of medicines in all but six studies.43,49,57,59,60,72 In these studies, the dose of the 
comparator was held constant, while the premixed insulin dose was increased on the basis of 
glucose levels. Holding the dose of comparator may have biased the results of these studies in 
favor of premixed insulin analogues. 

Overall, the applicability of the studies to the diabetic population of the U.S. in terms of 
fasting glucose outcomes was fair. In most studies, self-monitoring of fasting blood glucose was 
reported, reflecting current clinical practice in which a patient maintains a blood glucose diary 
and the physician adjusts the insulin dose to optimize glucose control. When premixed insulin 
analogues were compared to or used in combination with oral antidiabetic agents, the dose of 
these antidiabetic agents was held constant in most studies. This situation is in contrast to usual 
clinical practice, in which the dose of oral antidiabetic agents is either titrated to reflect glucose 
control, or the antidiabetic agent is changed to a different class or discontinued all together. 

The overall applicability of the studies to the diabetic population of the U.S. with regard to 
postprandial glucose levels was also graded as fair. In terms of fasting glucose, most studies used 
self-monitoring of glucose by patients, an approach that is reflective of clinical practice. Four 
one-dose studies44,56,58,62 were not reflective of clinical practice, and because the insulin 
preparations had not achieved a steady state in plasma, it is possible that the results from these 
trials might not be reproducible in practice. Calculation of the insulin dose and a test meal also 
cannot be reproduced in clinical practice. 

The overall applicability of the studies to the U.S. diabetic population for A1c was graded as 
fair and was limited because of the aforementioned reasons related to fasting and postprandial 
glucose. 

The overall applicability of the studies to the diabetic population of U.S. in terms of the 
adverse event of hypoglycemia was also fair. Since most studies excluded patients with 
significant comorbidity, severe obesity, and very poorly controlled diabetes, it is not possible to 
generalize the results of these studies to the patient population in clinical practice. In some 
studies, the monitoring of the patient population as conducted would not be feasible in usual 
clinical practice.  

The overall applicability of the studies to the U.S. diabetic population with regard to the 
adverse outcome of weight gain was graded as fair. Most studies were of relatively short duration 
except for two studies32,45 that followed patients for 1 year and 2 years, respectively. Because 
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weight gain is a relatively slow process, it is difficult to draw relevant conclusions from short-
term studies. In addition, many studies using premixed insulin lispro preparations were crossover 
studies that were excluded from the analysis of weight gain, thus limiting the amount of evidence 
from which conclusions could be drawn. 
 
Clinical Outcomes 
 
Key Messages 
 

• No statistically significant differences in all-cause mortality (OR = 2.93; 95 percent CI: 
0.95 to 9.05), cardiovascular mortality (OR = 6.80; 95 percent CI: 0.87 to 53.12), 
cardiovascular morbidity (OR = 0.86; 95 percent CI: 0.49 to 1.52), or the combined 
outcome of all-cause mortality and cardiovascular morbidity (OR = 2.10; 95 percent CI: 
0.87 to 5.10) between premixed insulin analogues and other diabetes medications were 
reported in these mainly short-duration RCTs. 
 

• The low absolute number of events in these short duration trials in which clinical events 
were not the primary outcomes made it difficult to draw any firm conclusions regarding 
any of the clinical outcomes. 
 

• Insufficient evidence existed with regard to nephropathy outcomes to allow us to draw 
any conclusions. 
 

• No studies evaluated other clinical outcomes, such as retinopathy and neuropathy. 
 

• Many of the studies in this overall review did not report on any of the clinically relevant 
outcomes (some did not even state whether any deaths or events occurred), introducing 
the possibility of publication bias.  

 
Evidence Grades (see Appendix E, Evidence Table 1) 
 

• The quantity, quality, and consistency of the body of evidence was graded as low for all-
cause mortality and cardiovascular mortality for the following comparisons: 

o Premixed insulin analogues versus other insulin or noninsulin antidiabetic agents. 
 

• The quantity, quality, and consistency of the evidence was graded as low for 
cardiovascular morbidity for the following comparisons:  

o Premixed insulin analogues versus other insulin or noninsulin antidiabetic agents. 
 

• The quantity, quality, and consistency of the body of evidence was graded as low for 
nephropathy for the following comparisons:  

o Premixed insulin analogues versus other insulin or noninsulin antidiabetic agents. 
 

• There was no evidence to assess the quantity, quality, and consistency for all other 
clinical outcomes. 
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Study Characteristics  

 
Out of 45 included studies, only 16 studies reported on a clinical outcome.32,45,49-

51,54,55,57,58,60,61,65,66,68,77,79 Nine studies reported on all-cause mortality,32,45,49,51,55,61,66,68,77 four 
reported on cardiovascular mortality,32,45,51,66 eight reported on cardiovascular 
morbidity,45,49,50,54,57,58,60,65 and three reported on nephropathy.32,60,79 All the studies except 
one45were short-duration RCTs lasting 1 year or less, in which the clinical outcome (such as 
mortality) was not the primary outcome (see Appendix E, Evidence Table 2). Most studies (n = 
11) were parallel-arm RCTs,32,45,49-51,54,57,60,61,68,79 and the remaining studies were crossover 
RCTs. Most parallel-arm RCTs were moderately-sized (range: 160 to 708 subjects),32,49-

51,54,60,61,68,79 except for two smaller studies (125 and 49 subjects).45,57 The crossover studies were 
mainly small-sized (range: 35 to 133 subjects).55,58,65,66,77 Half of the studies were multicenter 
trials occurring in multiple countries,45,49-51,54,55,68,79 while the other half of the studies occurred in 
one or two countries in Europe,32,58,66 the United States,60,65 the Middle East,57 or Japan,61 or the 
geographic location was not reported.77 Half of the studies (n = 8) reported excluding subjects 
with significant comorbidity, such as a history of cardiovascular disease or complications from 
type 2 diabetes,32,51,54,55,57,58,77,79 and most studies (n = 12) excluded moderate to severely obese 
subjects with BMI greater than 35 or 40 kg/m2.32,45,49,50,54,55,57,58,60,65,68,77  

Subjects were mainly middle-aged to older, overweight to mildly obese adults with moderate 
glycemia (range in mean A1c from 7.8 to 10.7 absolute percentage points; see Appendix E, 
Evidence Table 3). The average or median duration of diabetes for these subjects was moderate 
ranging from 7 to 16 years. The studies had a diverse gender ratio, yet they were less diverse in 
terms of racial mix. Of the five studies reporting race, three reported greater than 80 percent 
Caucasian subjects,32,57,68 while two studies reported a more diverse racial mix.60,79 Half of the 
studies45,49,55,58,61,66,77,79 included insulin-treated patients, and the other half included insulin-
naïve patients.32,45,55,58,60,65,66,77  
 
Reporting of Clinical Outcomes 

 
Death from any cause and cardiovascular death was abstracted from all articles. 

Cardiovascular morbidity could be any cardiovascular event, including myocardial infarction or 
stroke. If the article specified no clinical outcomes such as death, we recorded it as having zero 
events in each arm. If an article did not report that no events such as deaths occurred, we did not 
include that article in this section, since we did not want to assume that no events had occurred. 
 
Premixed Insulin Analogues (Insulin Aspart 70/30, Insulin Lispro 50/50, and 
Insulin Lispro 75/25) Versus Any Other Antidiabetic Agent 
 

All-cause and cardiovascular disease mortality.  
 
Qualitative assessment. Nine RCTs of short duration reported few absolute deaths from any 

cause in each study arm, with zero to three deaths for the premixed insulin analogues, versus 
zero to two deaths for the other diabetes agents (less than 5 percent for each arm; see Table 8 and 
Appendix E, Evidence Table 9).32,45,49,51,55,61,66,68,77 Four RCTs reported one to two 
cardiovascular deaths in the premixed insulin analogue arms and no cardiovascular deaths in the 
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other arms (see Table 9).32,45,51,66 Even the 2-year parallel-arm RCT, which did not exclude 
subjects with a prior history of cardiovascular disease and whose primary objective was to 
evaluate safety, had very few events, making it difficult to determine differences between 
groups.45 We further describe these trials qualitatively below. 
 
Table 8. Summary of all-cause mortality events in studies comparing a premixed insulin analogue to another 
antidiabetic agent 

Main comparison  
(drug 1 vs drug 2) N of studies 

N of total 
participants 

Percent events 
drug 1 

Percent events 
drug 2 

Premixed insulin analogue vs 
long-acting insulin analogue 

2 804 Study 1: 1%  
Study 2: 2%  

Study 1: 0%  
Study 2: 2%  

Premixed insulin analogue vs 
rapid-acting insulin analogue 

1 708 1%  <1%  

Premixed insulin analogue vs 
premixed human insulin 

2  167 Study 1: 0%  
Study 2: 4%  

Study 1: 3%  
Study 2: 1%  

Premixed insulin analogue vs 
oral antidiabetic agents 

2 926 Study 1: <1%  
Study 2: <1%  

Study 1: 0%  
Study 2: 0%  

Premixed insulin analogue vs 
exenatide 

1 501 <1%  <1%  

Premixed insulin analogue vs 
premixed insulin analogue 

1 133 <1% 0%  

*If a study had more than one arm with premixed insulin analogues, we combined the two arms into one arm in order to 
summarize the results. 
N = number; vs = versus  
 

 
 Table 9. Summary of cardiovascular disease mortality events in studies comparing a premixed 
insulin analogue to another antidiabetic agent 

Main comparison  
(drug 1 vs drug 2) N of studies 

N of total 
participants 

Percent events 
drug 1 

Percent events 
drug 2 

Premixed insulin analogue vs 
long-acting insulin analogue 

2 804  Study 1: 2%  
Study 2: <1%  

Study 1: 0%  
Study 2: 0%  

Premixed insulin analogue vs 
rapid-acting insulin analogue 

1 708 1%  <1%  

Premixed insulin analogue vs 
premixed human insulin 

1 186 1%  0%  

Premixed insulin analogue vs 
oral antidiabetic agents 

1 329 <1%  0%  

*If a study had more than one arm with premixed insulin analogues, we combined the two arms into one arm in order to 
summarize the results. 
N = number; vs = versus  

 
Premixed insulin analogues versus long-acting insulin analogues or rapid-acting insulin 

analogues. Two RCTs compared premixed insulin analogues to long-acting insulin analogues, 
reporting similar percentages of death in each arm (less than 1 versus 0 percent and 2 versus 2 
percent).32,66 One of these studies also compared a premixed insulin analogue to a rapid-acting 
insulin analogue and found similar percentages of death and cardiovascular death in both groups 
(1 versus less than 1 percent, respectively, for both outcomes).32 The largest 1-year parallel-arm 
RCT of patients already taking metformin plus a sulfonylurea (n = 708) compared three arms 
(insulin aspart 70/30 twice-daily, insulin aspart three times a day, and long-acting insulin detemir 
at bedtime or twice-daily if required).32 That study reported similar percentages of events among 
the groups (0.6 percent in the premixed insulin analogue arm versus 0 percent in the long-acting 
insulin arm), but the insulin aspart 70/30 group had a higher absolute number of deaths. The 
study reported one fatal myocardial infarction, one fatal case of ischemic heart disease, and one 
fatal case of congestive heart failure in the insulin aspart 70/30 twice-daily arm; one fatal 
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myocardial infarction in the insulin aspart thrice-daily arm; and no deaths in the long-acting 
insulin detemir arm. The insulin detemir arm had no deaths, despite having a slightly higher A1c 
than the other two insulin analogue arms, although the insulin analogue arms were associated 
with slightly greater weight gain over 1 year. The smaller 16-week crossover study comparing 
insulin lispro 75/25 plus metformin to insulin glargine plus metformin also showed similar 
percentages of events in each arm (2 versus 2 percent, or one death from any cause in each study 
arm).66 The death in the premixed insulin analogue arm was from a myocardial infarction, 
whereas the etiology of the death in the insulin glargine arm was not described. 

Premixed insulin analogues versus premixed human insulin. Two small RCTs (one parallel-
arm and one crossover) compared a premixed insulin analogue to a premixed human insulin and 
reported similar percentages of death from any cause in each arm (4 versus 1 percent and 0 
versus 3 percent).45,77 The longest 2-year multicenter, multinational RCT that specifically set out 
to evaluate safety (hypoglycemia and adverse events) was one of these two studies.45 This study 
compared insulin aspart 70/30 to NPH/regular 70/30 in subjects previously on insulin regimens 
and reported three deaths (4 percent) in the premixed insulin analogue arm versus one death (1 
percent) in the premixed human insulin arm. Of these deaths, one was due to a myocardial 
infarction in the premixed insulin analogue arm, as compared to no cardiovascular causes of 
death in the premixed human insulin arm. The smaller 12-week crossover study compared 
insulin lispro 50/50 to NPH/regular 70/30 and showed similarly low numbers of events in the 
two groups, none versus one death, respectively.77  

Premixed insulin analogues versus a rapid-acting insulin analogue, with or without an 
intermediate-acting insulin. One parallel-arm 6-month RCT compared a premixed insulin 
analogue (insulin aspart 70/30) to a rapid-acting insulin analogue (insulin aspart), with or without 
an intermediate-acting insulin (NPH insulin), and reported one death of unspecified etiology in 
the premixed insulin analogue arm, as compared to no deaths in the other arm.61 

Premixed insulin analogues versus noninsulin antidiabetic agents. Two parallel-arm 
moderate-size RCTs of short duration compared premixed insulin analogues to oral antidiabetic 
agents, reporting a small number of deaths in the premixed insulin analogue arms, versus no 
deaths in the oral antidiabetic agent arms (less than 1 percent versus 0 percent for each 
study).51,68 The 16-week RCT compared three arms (insulin aspart 70/30 twice-daily alone, 
insulin aspart 70/30 twice-daily plus fixed metformin, and fixed metformin plus variably dosed 
glibenclamide).51 This study reported one fatal myocardial infarction in the insulin aspart 70/30 
plus fixed metformin arm, as compared to no deaths in the other two arms. The other 16-week 
RCT compared insulin lispro 75/25 plus metformin to glibenclamide plus metformin in subjects 
previously taking metformin or a sulfonylurea.68 The study reported one death with no 
description of etiology in the premixed insulin analogue arm, as compared to no deaths in the 
oral antidiabetic agent arm. 

A moderately-sized 1-year parallel-arm RCT of subjects already taking metformin plus a 
sulfonylurea (n = 501) compared the addition of insulin aspart 70/30 twice daily to the addition 
of exenatide twice daily. The total number of deaths in each group was not statistically different 
(one (0.4 percent) versus two (0.8 percent) deaths, respectively), but the etiology of these deaths 
was not described.49 

Quantitative assessment. We found a statistically insignificant trend towards increased risk of 
all-cause mortality with premixed insulin analogues as compared to all other comparators 
combined in the six parallel-arm RCTs (OR = 2.93; 95 percent CI: 0.95 to 9.05; p = 0.06; see 
Figure 34). The inclusion of the two crossover studies in the meta-analysis did not markedly 
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influence these results (OR = 2.06; 95 percent CI: 0.79 to 5.42; p = 0.14). When the study by 
Nauck et al. was removed from the meta-analysis,49 the results reached statistical significance 
(OR = 5.49; 95 percent CI: 1.25 to 24.08). Their study was the only study with the active 
comparator of exenatide, and they reported slightly more deaths in the exenatide arm than in the 
premixed insulin analogue arm.49 No other single study markedly influenced the all-cause 
mortality results. We also found a statistically insignificant trend towards increased 
cardiovascular mortality with the premixed insulin analogues as compared to all other active 
comparator combined (OR = 6.80; 95 percent CI: 0.87 to 53.12; p = 0.07; see Figure 35). No 
single parallel-arm RCT strongly influenced the cardiovascular disease mortality results, 
although the study by Holman et al. had the largest study population and contributed the most to 
the pooled estimate.32 The inclusion of the one crossover study in the meta-analysis did not 
markedly influence the point estimate, but it did cause the results to reach borderline statistical 
significance (OR = 7.19; 95 percent CI: 1.01 to 51.11; p = 0.049). While point estimates and 
confidence intervals varied somewhat depending on the meta-analytic technique used, the overall 
direction of the point estimates did not change (see Appendix E, Evidence Table 10). The pooled 
odds ratios suggested an increased risk of all-cause and cardiovascular disease mortality with the 
use of premixed insulin analogues versus other diabetes drug comparators, yet the wide 95 
percent CI confirmed our conclusion regarding a lack of reliability in the point estimate because 
of the small number of absolute events in few studies. No statistically significant heterogeneity 
was found in these studies, with I-squared statistics of less than 50 percent for all analyses; 
therefore, no further analyses were done to evaluate sources of potential heterogeneity. 

 
Figure 34. Pooled odds ratios for all-cause mortality, comparing premixed insulin analogues to other 
diabetes medications 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeniety: Q = 2.81 with 4 degrees of freedom (p =0.589) 
I-squared statistic = 0 percent 
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Cardiovascular disease morbidity. 
 
Qualitative assessment. Eight studies compared premixed insulin analogues to another 

diabetes medication, reporting cardiovascular morbidity between groups (see Table 10 and 
Appendix E, Evidence Table 9).45,49,50,54,57,58,60,65 The articles compared premixed insulin 
analogues to premixed human insulin in the case of two studies,45,58 oral antidiabetic agents in 
three studies,54,57,60 long-acting insulin analogues in two studies,50,65 and exenatide in one 
study.49 The eight articles reported a diverse set of cardiovascular morbidity outcomes, including 
non-fatal myocardial infarction,54,57,65 transient ischemic attack,58 peripheral vascular disease,50 
congestive heart failure,50,65 angina,60 arrhythmia,60 coronary artery disease,60 chest pain,65 and 
unspecified total cardiac adverse events.45,49 
 
Figure 35. Pooled odds ratios for cardiovascular mortality, comparing premixed insulin analogues to other 
diabetes medications 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeniety: Q = 0.14 with 2 degrees of freedom (p =0.933) 
I-squared statistic = 0 percent 

 
Table 10. Summary of cardiovascular disease morbidity events in studies comparing a premixed 
insulin analogue to another antidiabetic agent 

Main comparison  
(drug 1 vs drug 2) N of studies 

N of total 
participants 

Percent events 
drug 1 

Percent events 
drug 2 

Premixed insulin analogue vs 
premixed human insulin 

2  368 Study 1: <1%  
Study 2: 18%  

Study 1: 0%  
Study 2: 17%  

Premixed insulin analogue vs 
long-acting insulin 

2 456 Study 1: 1%  
Study 2: <1%  

Study 1: 0%  
Study 2: <1%  

Premixed insulin analogue vs 
oral medications 

3 530 Study 1: <1% 
Study 2: <1%  
Study 3: 1%  

Study 1: 0%  
Study 2: 0%  
Study 3: 2%  

Premixed insulin analogue vs 
exenatide 

1 501 2%  4%  

*If a study had more than one arm with premixed insulin analogues, we combined the two arms into one arm in order to 
summarize the results. 
N = number; vs = versus  
 

76 



Only one of these studies specifically set out to evaluate safety over 2 years of followup.45 
This and another 1-year study had larger numbers of cardiac adverse events, largely because of 
their vaguer definition of unspecified cardiac disorders, which could include less serious cardiac 
events such as palpitations.45,49 Although the absolute numbers of events were greater in these 
two studies than in the other six studies, no major differences in cardiovascular morbidity were 
noted between groups (18 versus 17 percent and 2 versus 4 percent). Neither study broke these 
cardiac disorders down into more serious versus less serious events. The rest of the studies were 
mainly short-duration studies with few absolute events, which occurred mainly in the premixed 
insulin analogue arms (one event for the premixed insulin analogues versus none to two for the 
other antidiabetic agents; less than 2 percent for each arm). Two of these shorter-duration studies 
were crossover studies58,65 that did not report whether the events occurred prior to the first 
crossover. We describe these studies qualitatively in more depth below. 

Premixed insulin analogues versus long-acting insulin analogues. Two RCTs compared 
premixed insulin analogues to long-acting insulin analogues and reported no differences in 
cardiovascular morbidity between arms (less than 1 versus 0 percent and 0.8 versus 0.8 
percent).50,65 The 28-week parallel-arm RCT of 255 insulin-naïve patients compared insulin 
aspart 70/30 plus metformin to insulin glargine plus glimepiride.50 The oral antidiabetic agents 
could have been in place before the beginning of the study or could have been added after the 
study began. This study reported one congestive heart failure event in the insulin glargine arm 
and one peripheral vascular disorder event in the insulin aspart 70/30 arm. The 32-week 
crossover RCT (including an 8-week run-in period on NPH insulin plus metformin) compared 
insulin lispro 75/25 plus metformin to insulin glargine plus metformin and reported similarly low 
absolute events and no major differences between arms.65 The study reported one subject with 
congestive heart failure and one subject with chest pain in the insulin lispro 75/25 arm, a nonfatal 
myocardial infarction during the lead-in period when the subjects were using NPH insulin plus 
metformin, and no events in the insulin glargine arm. 

Premixed insulin analogues versus premixed human insulin. Two studies compared premixed 
insulin analogues to premixed human insulin, reporting similar percentages of cardiovascular 
events between groups (18 versus 17 percent and less than 1 versus 0 percent).45,58 The longest 2-
year multicenter, multinational RCT that specifically evaluated safety (hypoglycemia and 
adverse events) was one of these two studies.45 This study compared insulin aspart 70/30 to 
NPH/regular 70/30 in subjects previously on insulin regimens, and reported 15 unspecified 
cardiac disorders (18 percent) in the premixed insulin analogue arm versus 17 unspecified 
cardiac disorders (17 percent) in the premixed human insulin arm. This study did not further 
elaborate on the severity of these cardiac disorders. Similarly, the one three-way crossover study 
compared insulin aspart 70/30, insulin lispro 75/25, and NPH/regular 70/30 and reported no 
major differences between groups. This study had a lower absolute number of events because of 
its higher specificity in defining the cardiac adverse event and because of its short 3-day study 
period. A transient ischemic attack was reported in the insulin aspart 70/30 arm, versus no events 
in the insulin lispro 75/25 or premixed human insulin arms.  

Premixed insulin analogues versus noninsulin antidiabetic agents. Three RCTs compared 
premixed insulin analogues to oral antidiabetic agents, reporting few absolute cardiovascular 
morbidity events in the premixed insulin analogue groups (< 1 percent) compared with none or 
few events (0 to 2 percent) in the oral antidiabetic agent groups.54,57,60 Two were short duration 
(6-week and 18-week) parallel-arm RCTs comparing insulin aspart 70/30 plus a 
thiazolidinedione to a sulfonylurea plus a thiazolidinedione. One of these studies also had a third 
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arm, insulin aspart 70/30 monotherapy.54 The thiazolidinedione was pioglitazone54 in one study 
and rosiglitazone in the other study.57 In both studies, one subject experienced a nonfatal 
myocardial infarction in the premixed insulin analogue arm (monotherapy insulin aspart 70/30 
arm in one study and insulin aspart 70/30 plus rosiglitazone arm in the second study). The third 
short-duration 34-week parallel-arm RCT compared premixed insulin aspart 70/30 plus the 
combination of metformin and pioglitazone to the combination of metformin plus pioglitazone, 
reporting slightly lower withdrawals due to cardiac morbidity in the premixed insulin analogue 
plus oral antidiabetic agent arm (1 percent), as compared to oral antidiabetic agents alone (2 
percent).60 These three studies were the only studies with thiazolidinediones in any of the arms. 
While the rosiglitazone and pioglitazone labels have warnings concerning increased congestive 
heart failure events in subjects who use insulin of any type in conjunction with these oral 
antidiabetic agents (versus insulin alone),84,85 we did not observe any congestive heart failure 
events in these few studies, which reported few absolute events. In addition, rosiglitazone labels 
have warnings regarding increased ischemic risk in patients who use rosiglitazone with insulin, 
as compared to insulin alone. We had insufficient evidence to determine whether this risk might 
be increased in the presence of premixed insulin analogues, as compared to other insulins used 
alone.  

A relatively large 1-year parallel-arm RCT of subjects already taking metformin plus a 
sulfonylurea (n = 501) compared the addition of insulin aspart 70/30 twice-daily to the addition 
of exenatide twice daily.49 The study reported slightly higher absolute nonspecific cardiac 
disorders in the exenatide arm, as compared to the insulin aspart 70/30 arm (10 (4 percent) 
versus 5 (2 percent) cardiac adverse events, respectively). They did not elaborate further on the 
proportion of serious and less serious events. 

Quantitative assessment. We found no statistically significant differences in cardiovascular 
morbidity between the premixed insulin analogue arms and with any other active comparator in 
the six parallel-arm RCTs (OR = 0.86; 95 percent CI: 0.49 to 1.52; p = 0.60; see Figure 36). The 
inclusion of the two crossover studies in the meta-analysis did not markedly alter these results 
(OR = 0.92; 95 percent CI: 0.53 to 1.61). No one study strongly influenced these results. Despite 
their different definitions of cardiovascular morbidity, we decided to combine these trials in a 
meta-analysis because of the underlying shared pathophysiology of the cardiovascular disease 
outcomes. We conducted a separate meta-analysis using the three parallel-arm RCTs with 
serious cardiac events (i.e., nonfatal myocardial infarction or transient ischemic attack), and 
excluded the three RCTs that combined less serious and more serious cardiac disorders or 
reported more nonspecific cardiac morbidity such as arrhythmia.45,49,60 Although the conclusions 
of no significant difference did not change, the point estimate, which initially suggested a 
protective benefit of the premixed insulin analogues, now suggested potential harm (OR = 2.22; 
95 percent CI: 0.26 to 19.12). No statistically significant heterogeneity was found in these 
studies, with an I-squared statistic less than 50 percent; therefore, no further analyses were 
performed to evaluate the sources of potential heterogeneity. 

 
Combined mortality and cardiovascular disease morbidity. 
 
Quantitative and quantitative assessment. We decided to combine ten parallel-arm RCTs 

evaluating mortality and cardiovascular disease morbidity in one meta-analysis (since the current 
understanding of these outcomes proposes a shared pathophysiology), using the mortality results 
for the two studies that reported both outcomes.45,49 We found no statistically significant 
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differences between premixed insulin analogues and any other active diabetes medication 
comparator (OR = 2.10; 95 percent CI: 0.87 to 5.10; p = 0.10; see Figure 37). While no single 
study markedly changed the point estimate, removal of the Nauck et al.49 or Raskin et al.60studies 
individually brought the results to borderline statistical significance. There were no clear 
differences between these two studies and the other included studies. Given the small number of 
events in a small number of studies and the lack of statistically significant heterogeneity, we 
were unable to explore potential differences between studies. 
 
Figure 36. Pooled odds ratio of cardiovascular morbidity, comparing premixed insulin analogues to other 
diabetes medications 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeniety: Q = 2.11 with 4 degrees of freedom (p =0.715) 
I-squared statistic = 0 percent 
 

Nephropathy. 
 
Premixed insulin analogues versus other diabetes medications. One study reported 

nephropathy as an outcome,32 and two studies reported it as an adverse event.60,79 A 1-year 
parallel-arm RCT of patients already taking metformin plus a sulfonylurea (n = 708) had three 
arms (insulin aspart 70/30 twice daily, insulin aspart thrice daily, and long-acting insulin detemir 
at bedtime or twice daily if required) and reported nephropathy as an outcome.32 This study 
reported a statistically significant increase in plasma creatinine in the premixed and rapid-acting 
insulin analogue groups (0.05 mg/dL in both) after 1-year of followup, as compared to the long-
acting insulin analogue group (0.02 mg/dL). The study also reported a decrease in the absolute 
albumin-to-creatinine ratio in the long-acting insulin group (-1.8), as compared to the other two 
groups (-0.9), although this difference was not statistically significant (p-value = 0.08 for the 
differences among the three groups). This potential difference in albumin-to-creatinine ratio may 
be responsible for the small yet statistically significant differences in plasma creatinine. The 
long-term clinical impact of these small absolute differences in plasma creatinine is uncertain.  
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Figure 37. Pooled odds ratio of combined outcomes including mortality and cardiovascular morbidity, 
comparing premixed insulin analogues with other diabetes medications 

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeniety: Q = 3.45 with 7 degrees of freedom (p =0.841) 
I-squared statistic = 0 percent 

 
Two short duration parallel-arm RCTs reported on withdrawals because of kidney problems 

but showed no consistent patterns. They reported a withdrawal due to increased creatinine in the 
premixed insulin analogue arm (insulin aspart 70/30 in combination with metformin plus 
pioglitazone), as compared with no events in the active comparator arm (metformin plus 
pioglitazone) in one study,60 and one withdrawal due to renal insufficiency in the active 
comparator arm (insulin glargine plus metformin), as compared with no events in the premixed 
insulin arm (insulin lispro 50/50 plus metformin) in the second study.79 

Other clinical outcomes. We did not find any study that reported other clinical outcomes, 
such as neuropathy or retinopathy, while comparing premixed insulin analogues to other 
antidiabetic agents. 
 
One Premixed Insulin Analogue Versus Another Premixed Insulin Analogue 
(Insulin Aspart 70/30 Versus Insulin Lispro 75/25) 
 

All-cause and cardiovascular disease mortality. One small crossover RCT of 24-week 
duration compared insulin aspart 70/30 to insulin lispro 75/25 and reported one death from 
myocardial infarction in the insulin lispro 75/25 arm; this death occurred after the patient had 
withdrawn from the study following a diagnosis of malignant neoplasm; there were no deaths in 
the insulin aspart 70/30 arm.55 

Other clinical outcomes. No study comparing one premixed insulin analogue to another 
reported any other clinical outcomes, such as cardiovascular morbidity or microvascular disease. 
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FDA, European Medicines Agency, and Pharmaceutical Industry Data 
 

In the FDA medical reviews on insulin lispro 50/50 and insulin lispro 75/25 that evaluated 
three studies (study numbers IODK, IODM, IODN), there were no reports of death or other 
clinical outcomes.86 However, the FDA review mentioned 17 deaths that occurred in the related 
studies using insulin analogues in premixed and in non-premixed formulations. We were unable 
to synthesize these data, since the documentation stated the number of deaths but not the total 
number of subjects. Also, there was no information about whether there were comparator arms 
with any deaths.  

The FDA medical reviews on insulin aspart 70/30 reported a few clinical events in a study 
with 35 percent type 1 diabetes subjects.87 They did not break down the events by type of 
diabetes; therefore, we did not include this study in our review.  

We also evaluated documents from the EMEA for insulin aspart 70/30 and did not find any 
reports of the presence or absence of clinical outcomes in these documents.88 

Finally, we evaluated product labels and data provided by several pharmaceutical companies 
(Eli Lilly and Company and Sanofi-Aventis). We identified three crossover studies that reported 
data on clinical outcomes. Although all three studies were included in our overall review because 
they were peer-reviewed publications,64-66 we found additional data in the information supplied 
by Eli Lilly and Company. For instance, the pharmaceutical information reported no deaths in 
either arm in two of the three studies,89 yet this result was not stated in the peer-reviewed 
publications.64,65 Furthermore, the pharmaceutical information listed one person with chest pain, 
one with cardiac disorder (tachycardia and palpitations), and one with peripheral vascular 
disorder in the insulin glargine arm, versus no subjects with chest pain, two with cardiac 
disorders, and one with a peripheral vascular disorder in the premixed insulin analogue arm 
(insulin lispro 50/50 with breakfast/lunch and insulin lispro 75/25 with dinner).90 The peer-
reviewed publication, however, did not report on these cardiovascular events.64 In the third 
study, the peer-reviewed publication66 reported one death from fatal myocardial infarction in the 
premixed insulin analogue arm and one death in the insulin glargine arm; however, the 
pharmaceutical information reported only the event in the premixed insulin analogue arm.91 No 
new information relevant to these clinical outcomes was reported in the data sent by Sanofi-
Aventis or in any of the product labels.  

The incorporation of these extra data into the meta-analyses that included crossover studies 
did not markedly change any of our conclusions (OR for all-cause mortality = 2.46; 95 percent 
CI: 0.89 to 6.80 and OR for cardiovascular morbidity = 0.93; 95 percent CI: 0.55 to 1.57).  
 
Publication Bias  
 

Overall, we did not find strong evidence for publication bias in this literature on clinical 
outcomes. Across all analyses, there was no statistically significant publication bias (p < 0.05), as 
assessed by the less-conservative Eggers test. It is important to note that in most cases the 
number of studies in each comparison was small and was unlikely to have had high power to 
detect moderate publication bias. Visual examination of the funnel plot for cardiovascular 
morbidity was suggestive that some small studies with protective effects of premixed insulin 
analogues may have been missing (see Figure 38). 
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Study Quality Assessment 
 

Most of the 16 studies (n = 14) were rated as being of good or fair 
quality.32,45,49,51,55,57,58,60,61,66,68,77,79,83 Thirteen of these were randomized with few losses to 
followup, and they described dropouts and withdrawals.32,45,49,51,55,57,58,60,66,68,77,79,83 One 
randomized study was rated as poor quality since it excluded one-third of the subjects from the 
efficacy analysis due to receipt of expired drug.65 Two studies had greater than 10 percent 
patients who were lost during followup,54,61 but one of these did report on reasons for 
withdrawals and losses to followup.54 All studies were unblinded except for one,32 and most 
studies (n = 12) reported receiving pharmaceutical industry funding. The source of funding has 
the potential to induce reporting bias, especially for outcomes such as cardiovascular morbidity, 
which involves more subjectivity in outcome ascertainment than does mortality. 
 
Figure 38. Begg's funnel plot for cardiovascular disease morbidity 

 
 
 
Other Quality Issues 
 

Only one RCT evaluated safety outcomes for longer than 1 year.45 Followup was sufficient in 
the remaining RCTs for intermediate outcomes but not for assessment of clinical outcomes, 
which were relatively rare, especially mortality. Even the one RCT with 2-year data had 
extremely few mortality events.45 While four studies did not report on whether the analysis for 
adverse events was intention-to-treat,32,45,55,68 this information would not have affected our 
results, since we abstracted data assuming intention-to-treat. Several studies reported on serious 
adverse events but did not specifically mention clinical outcomes or did not define what was 
meant by serious events. Two studies reported one death but did not state in which arm the event 
occurred,43,69 Although the elimination of the two studies did not affect our results, elimination 
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of many studies as a result of a lack of reporting by authors could bias these results in either 
direction. 
 
Applicability Assessment 
 

Although the evidence was insufficient to allow us to conclusively identify an effect of 
premixed insulin analogues on clinical outcomes, the applicability of these scanty data was fair, 
with some limitations as noted below. We found that the studies were mainly representative of 
the general population of type 2 diabetes, with the exception of race and severity/spectrum of 
illness. Race was not reported in most of the studies and was deemed not representative or only 
partially representative in the majority of studies that did report race.32,51,57,68,79 Studies had 
diverse inclusion and exclusion criteria that excluded selected populations in the case of most 
studies. Four studies excluded subjects with major complications from type 2 diabetes.54,58,77,79 
Others excluded insulin-naïve subjects,51,80 subjects with suboptimal glucose control,49 and/or 
insulin-treated subjects.32,50,58,65 Outpatient clinics were the population source in the few studies 
supplying this information.32,49,57,61 Comparator medications were considered a good alternative 
in most studies,32,45,50,51,54,55,58,61,65,66,68,77,79 and the dose schedules and routes of administration of 
these medications were reflective of current clinical practice in all the studies. Standards of care 
for subjects with diabetes were similar to the U.S. standards in most 
studies.32,45,51,54,55,57,58,60,65,66,68,77,79 The percentage of subjects enrolled versus those screened was 
greater than 50 percent for most studies, although five studies did not report this 
information.50,57,61,66,77 All except two studies60,66 had fewer than 10 percent of subjects excluded 
during run-in, or no run-in period existed. 
 
Adherence 
 
Key Messages  

 
• No evidence was found in any studies regarding the outcome of patient adherence. We 

therefore evaluated quality of life outcomes, since these outcomes may affect patient 
adherence. 

 
Quality of Life 
 
Key Messages  
 

• In the four studies using validated measurement tools, only one of six quality of life 
outcomes (psychological distress) showed a statistically significant difference, favoring 
the premixed insulin analogues over other antidiabetic agents.  
 

• No firm conclusions could be drawn regarding quality of life outcomes for any 
comparisons because of the differences in outcome definitions, measurement techniques, 
populations, and comparators between studies. 
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Evidence Grades (see Appendix E, Evidence Table 1)  
 

• The quantity, quality, and consistency of the body of evidence was graded as low for the 
following comparison:  

o Premixed insulin analogues versus other antidiabetic agents. 
  

• There was no evidence to assess the quantity, quality, and consistency of the body of 
evidence or the following comparisons:  

o Premixed insulin analogues versus any other comparison evaluated in this report 
but not listed above. 

 
Study Characteristics 
 

Of the 45 studies, only six reported on quality of life.32,48,59,72,74,76 Four studies were 
moderate-size parallel-arm RCTs (143 to 708 subjects),32,59,72,76 while the other two were small- 
to moderate-sized crossover studies with no washout period (49 to 160 subjects).48,74 Most 
studies had a short duration of followup, lasting 4 to 6 months,48,59,72,74,76 with one study lasting 1 
year.32 Four studies were conducted in one or two mainly European countries32,48,76 or Russia,59 
while the rest of the studies were conducted in the U.S.32 or multiple countries.72 Exclusion 
criteria varied depending on the study. Most studies (n = 5) excluded moderate to severely obese 
subjects with a BMI over 35 or 40 kg/m2,32,48,59,72,76 and/or subjects with severe hyperglycemia 
(i.e., A1c greater than or equal to 9.5, 10, or 10.5 percent).32,48,74,76 Most studies reported either 
excluding subjects who used insulin during the past 3 to 6 months,48,72,76 or excluding prior 
insulin users.32,59 Half of the studies excluded subjects with significant comorbidity, such as a 
history of cardiovascular disease or complications from type 2 diabetes.32,59,72 

Subjects were mainly middle-aged or older, overweight to mildly obese adults with mild to 
moderate hyperglycemia (mean A1c range from 7.5 percent to 10.4 percent). The average or 
median duration of diabetes for these subjects ranged from 5 to 12 years. The studies had a 
diverse gender ratio but were not as diverse in terms of racial mix. One study that reported race 
had mainly Caucasian subjects.32  
 
Reporting of Quality of Life 

 
We used the definitions for the quality of life outcome that were reported by the authors; 

these definitions included a variety of outcomes, such as treatment satisfaction or depression.  
 

Premixed Insulin Analogues Versus Long-Acting Insulin Analogues or Rapid-
Acting Insulin Analogues 

 
Three studies32,74,76 evaluated four different quality of life outcomes (quality of life, treatment 

satisfaction, willingness to continue treatment, and depression) and compared premixed insulin 
analogues to long-acting insulin analogues or rapid-acting insulin analogues (see Table 11 and 
Appendix E, Evidence Table 4).  

The largest and longest 1-year parallel-arm RCT of patients already taking metformin plus a 
sulfonylurea (n = 708) compared three treatments (insulin aspart 70/30 twice daily, insulin aspart 
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thrice daily, and long-acting insulin detemir at bedtime or twice-daily if required). This study did 
not find a statistically significant difference between groups in terms of self-reported quality of 
life using the Euro-QoL validated questionnaire (winsorized means 0.76, 0.76, and 0.78, 
respectively).32  

The second study was a crossover RCT comparing insulin lispro 75/25 to insulin glargine for 
12 weeks on each treatment. It reported no statistically significant differences in depression using 
the Beck Depression Inventory II, which is a validated questionnaire (mean scores of 5.5 and 6.8, 
respectively).74 

 
 
Table 11. Summary of quality of life measures in studies comparing a premixed insulin analogue to another 
antidiabetic agent 

Comparisons N of studies 
N of total 

participants Outcomes measured 

Number of 
studies using 

validated 
instruments 

Premixed insulin 
analogues versus 
long-acting insulins 

332,76*74 912 Quality of life, 
depression/mood, 
treatment satisfaction, 
or willingness to 
continue treatment 

2 

Premixed insulin 
analogues versus 
premixed human 
insulin  

148 160 Treatment satisfaction 1 

Premixed insulin 
analogues versus 
oral medications 

259,72 451 Treatment satisfaction, 
barriers to activity, 
psychological distress, 
disinhibited eating, or 
willingness to continue 
treatment 

1 

Premixed insulin 
analogues versus 
rapid-acting insulin 
analogue 

276*32 867 Quality of life, 
treatment satisfaction, 
or willingness to 
continue treatment 

1 

* The one study using a nonvalidated instrument to measure treatment satisfaction and willingness to continue treatment did not 
do a statistical analysis to compare groups, yet it reported a qualitative difference between groups when comparing the premixed 
insulin analogue to the long-acting insulin analogue arm only. 

 
The third, and relatively lower-quality, parallel-arm RCT compared thrice-daily insulin lispro 

50/50 to thrice-daily insulin lispro or once-daily insulin glargine. Study participants who were 
already on oral antidiabetic agents were advised to stop their medications.76 The authors reported 
an increased proportion of subjects with treatment satisfaction in all three arms at the end of the 
study, as compared with baseline, and a high willingness to continue treatment in all three arms 
when measured using nonvalidated questionnaires. While the long-acting insulin arm had a 
smaller increase in treatment satisfaction (24.5 percent) than the other two arms (44.2 percent 
and 44.5 percent) and had a lower proportion of subjects willing to continue treatment (77.4 
percent versus 88.5 percent and 83.3 percent), the authors did not analyze whether these small 
differences were statistically significant. The insulin glargine comparator arm was not given with 
oral antidiabetic agents as is typical in clinical practice; therefore, those in the insulin glargine 
arm had a higher fasting glucose and lower decreases in A1c than did those in the other two 
arms, a result that may have caused patients to be less satisfied with their overall treatment.  
  

85 



Premixed Insulin Analogues Versus Premixed Human Insulin  
 

One double-blinded crossover RCT compared treatment satisfaction after 16 weeks in 
subjects taking insulin aspart 70/30 to the subjects taking NPH/regular insulin 70/30 and reported 
no statistically significant difference between groups (mean difference = -0.46) using the 
validated Diabetes Treatment Satisfaction Questionnaire (DTSQ; see Table 11 and Appendix E, 
Evidence Table 4).48 

 
Premixed Insulin Analogues Versus Oral Antidiabetic Agents 
 

Two short duration parallel-arm RCTs evaluated five different quality of life outcomes 
(treatment satisfaction, barriers to activity, willingness to continue treatment, disinhibitory 
eating, or psychological distress), comparing premixed insulin analogues to oral antidiabetic 
agents (see Table 11 and Appendix E, Evidence Table 4).59,72 Only one of these studies used 
validated questionnaires (the DTSQ for treatment satisfaction and the Diabetes Health Profile for 
disinhibitory eating, barriers to activity, and psychological distress).59 This 16 week parallel-arm 
RCT compared these quality of life measures among three arms: thrice-daily insulin aspart 
70/30, thrice-daily insulin aspart 70/30 plus metformin, and continuation of oral antidiabetic 
agents. They reported no statistically significant differences between groups in any of the 
validated measures, except for a lower psychological distress score in the insulin aspart 70/30 
arm than in the continued oral antidiabetic agent arm. They did not report any quantitative results 
beyond a p-value of 0.026; therefore, we were unable to determine the clinical relevance of these 
data. 

Another 16-week parallel-arm RCT compared overall treatment satisfaction among subjects 
60 to 80 years of age who received insulin lispro 75/25 preprandial injections, insulin lispro 
75/25 postprandial injections, or glyburide. The authors reported a slightly lower overall 
treatment satisfaction score with glyburide than with insulin lispro 75/25 (mean score 3.98 versus 
4.35, respectively, p = 0.014) using a nonvalidated questionnaire.72 The clinical importance of 
this minor difference in scores was unclear. They also reported a higher willingness to continue 
treatment in the insulin lispro arms than in the glyburide arm (92 percent versus 79 percent, 
respectively, p = 0.041). The glyburide active comparator arm was not the best comparator for 
the premixed insulin analogues, since all subjects were hyperglycemic on maximum dose 
sulfonylureas prior to study randomization. Therefore, the subjects may have been less satisfied 
with their treatment because they were not receiving optimal treatment for their hyperglycemia. 
As one might expect, the insulin lispro 75/25 arm showed a greater reduction in HbA1c than did 
glyburide in this trial. 
 
FDA, European Medicines Agency, and Pharmaceutical Industry Data 
 

No additional data on quality of life outcomes were identified from these sources.  
 

Study Quality Assessment 
 

Most of the studies (n = 5) were rated as being of good or fair quality,32,48,59,74,76 were 
randomized with few losses to followup,32,48,59,72,76 and described dropouts and withdrawals (see 
Appendix E, Evidence Table 7).32,48,59,72,76 One randomized study was rated as poor quality since 
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the comparator, glyburide, was maintained at pretrial doses while the premixed insulin analogue 
dose was adjusted to obtain optimal glucose control.72 This difference could potentially have 
affected glycemic control outcomes and thereby affected patients’ satisfaction with their 
treatment. Another study had a greater than 10 percent loss to followup, and the reasons for 
withdrawals and participant loss during followup were not reported.74 The majority of these 
studies were unblended, with the exception of two,32,48 and most studies (n = 5) received funding 
from the pharmaceutical industry.  
 
Applicability Assessment 
 

We concluded that the body of evidence regarding quality of life outcomes had fair 
applicability to the U.S. population with type 2 diabetes (see Appendix E, Evidence Table 8). 
These studies were mainly representative of the general population with type 2 diabetes, with the 
exception of race and severity/spectrum of illness. Drug comparators were only considered the 
best alternatives in four32,48,59,74 of the six studies. Race was not reported in half of the 
studies48,59,72 and was deemed non-representative in the ones that did report race.32,74,76 The 
studies had diverse eligibility criteria that excluded selected populations from most of the 
studies. They excluded subjects with a new diagnosis of type 2 diabetes72 or subjects taking 
insulin already.32,59,76 One study excluded subjects under 60 years of age or greater than 80 years 
of age.72 Outpatient clinics were the population source in the two studies reporting these data,32,72 
and one of these trials occurred in subspecialty clinics.72 The dose schedules and routes of 
administration of the comparator medications were reflective of current clinical practice in all the 
studies. Standards of care for subjects with diabetes were similar to those in the U.S. in all of the 
studies except one.59 The percent of subjects enrolled versus screened were greater than 50 
percent for all the studies, and all had fewer than 10 percent of subjects excluded during the run-
in, or no run-in period existed.32,48,59,72,74,76 
 
Key Question 3 
 
Does the effectiveness or safety of the new premixed insulin analogue regimens 
differ in the following sub-populations from that of diabetes patients as a whole? 

a. The elderly (≥ 65 years), very elderly (≥ 85 years) 
b. Other demographic groups (ethnic or racial groups, genders) 
c. Individuals with comorbid medical conditions 
d. Individuals with limited life expectancy 
e. Individuals with disabilities 

 
We could not find any studies that had specifically explored the effect of premixed insulin 

analogues on specific subpopulations such as the very elderly, minorities, or patients with 
comorbid conditions. Only one study enrolled somewhat older patients (between 60 and 80 years 
of age) and compared insulin lispro 75/25 to glyburide.72 This study found a significant decrease 
in fasting glucose as well as pre-dinner glucose levels with insulin lispro 75/25 as compared to 
glyburide (mean difference = -43.9 and -32.6 mg/dL, respectively; p < 0.01 for both). In 
addition, there was a significant decrease in postprandial glucose after breakfast and dinner with 
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insulin lispro 75/25 in this relatively older population (mean difference = -58.3 and -43.9 mg/dL, 
respectively; p < 0.01 for both). This study also found a significant decrease in A1c with insulin 
lispro 75/25, as compared to glyburide (mean difference = -0.78 percent; p < 0.01). 
 
Key Question 4 
 
Does the effectiveness or safety of the new premixed insulin 
analogue regimens differ in individuals on oral antidiabetic agents 
and with different blood glucose patterns (such as fasting 
hyperglycemia or postprandial hyperglycemia) or types of control 
(such as tight control, usual control, good fasting or postprandial 
control) from that of diabetes patients as a whole? 
 
Effect of Premixed Insulin Analogues in Patients Taking Oral Antidiabetic 
Agents 
 

We identified three published studies51,54,59 and two unpublished studies92,93 that compared 
premixed insulin analogue monotherapy to a combination of oral antidiabetic agents and 
premixed insulin analogues. In the study by Kvapil et al., insulin aspart 70/30 was compared to a 
combination of insulin aspart 70/30 and metformin.51 The insulin aspart 70/30 dose was adjusted 
in both arms throughout the trial to optimize glucose control, while the metformin dose was fixed 
throughout the trial. At the end of the trial, the daily insulin dose was higher in the insulin aspart 
70/30 monotherapy group than in the combination group (0.51 units/kg/day versus 
0.30units/kg/day; p-value not reported). 

Raz et al.54 compared insulin aspart 70/30 monotherapy to a combination of insulin aspart 
70/30 and pioglitazone over 18 weeks. The insulin dose was adjusted to optimize glucose 
control, while the pioglitazone dose was kept fixed at 30 mg daily. At the end of the trial, the 
insulin dose in the monotherapy arm was significantly larger than that in the combination arm 
(0.4 units/kg versus 0.3 units/kg; p = 0.002). 

Ushakova et al.59 compared thrice-daily insulin aspart 70/30 to twice-daily insulin aspart 
70/30 plus metformin over a 16-week period. Insulin aspart and metformin doses were adjusted 
to optimize glycemic control. At the end of the trial, the total daily insulin dose was higher in the 
insulin aspart 70/30 monotherapy arm (55.5 versus 44.8 units).  

In one unpublished study, insulin aspart 70/30 twice daily was compared to insulin aspart 
70/30 once daily plus metformin over a 24-week period.92 In the second unpublished study, 
insulin aspart 70/30 twice daily was compared with aspart 70/30 twice daily plus metformin over 
a 24-week period.93 

Fasting glucose (see Appendix E, Evidences Table 4 and 11). All studies found that the 
combination of insulin aspart 70/30 with oral antidiabetic agents was more effective than 
monotherapy with insulin aspart 70/30 in lowering fasting glucose, although the differences did 
not reach statistical significance in any study. Similarly, pre-dinner glucose levels were lower in 
two studies with the combination therapy, but the reduction did not reach statistical significance 
in one study,51 and statistical significance was not reported in the second study.54 In contrast, 
monotherapy with insulin aspart 70/30 three times daily was more effective in lowering pre-
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dinner glucose levels than was combination therapy in the third study, although this difference 
also did not reach statistical significance.59 In one unpublished study, combination therapy with 
insulin aspart 70/30 once daily plus metformin was significantly more effective than twice-daily 
monotherapy in lowering fasting glucose (-18 mg/dL, p = 0.01).92 In contrast, a second 
unpublished study found twice-daily monotherapy to be more effective than combination therapy 
with twice-daily insulin aspart 70/30 plus metformin in lowering fasting glucose levels (-18 
mg/dL, p = nonsignificant).93 

Postprandial glucose (see Appendix E, Evidences Table 4 and 11). All three studies 
reported breakfast and dinner postprandial glucose levels and found postprandial glucose levels 
to be lower with the combination therapy than with the monotherapy. However, this difference 
reached statistical difference in only one study.59 When the results of these three studies were 
pooled, there was no beneficial effect of either of the two therapies on breakfast (mean difference 
= 5.8 mg/dL, 95 percent CI: -4.1 to 15.7 mg/dL; p = 0.25) or dinner postprandial glucose levels 
(mean difference = 1.2 mg/dL; 95 percent CI: -1.7 to 1.0 mg/dL; p = 0.42).  

Hemoglobin A1c (see Appendix E, Evidence Tables 4 and 11). In all three studies 
combination therapy with insulin aspart 70/30 plus an oral antidiabetic agent was more effective 
than monotherapy with insulin aspart 70/30 in lowering A1c levels. When the results of the three 
trials were pooled, the A1c-lowering effect of combination therapy remained significant (mean 
difference = 0.37 percent; 95 percent CI: 0.12 to 0.62 percent; p = 0.004; see Figure 39). In both 
unpublished studies, combination therapy was more effective than insulin aspart 70/30 
monotherapy in lowering A1c levels, although the difference was statistically nonsignificant in 
one study,92 and the other study did not report statistical significance.93 
 
Figure 39. Meta-analyses of post-treatment differences in hemoglobin A1c between insulin aspart 70/30 and 
insulin aspart 70/30 plus oral antidiabetic agents  

 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95 percent confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95 percent confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 2.626 with 2 degrees of freedom (p = 0.269) 
I-squared statistic = 24 percent 

 
Hypoglycemia (see Appendix E, Evidence Tables 5 and 11). There were no major 

hypoglycemic events in the three studies.51,54,59 The incidence of minor hypoglycemic events was 
greater in the combination arm in the two studies than in the insulin aspart 70/30 monotherapy 
arm,51,59 but it was lower in the third study.54 On the other hand, all three studies found a 
statistically nonsignificant increase in the incidence of symptom-only hypoglycemia with insulin 
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aspart 70/30 monotherapy. Pooling the results of these studies indicated that the incidence of 
minor hypoglycemic events (29 versus 33; OR = 0.84; 95 percent CI: 0.45 to 1.56; p = 0.6) and 
symptom-only hypoglycemia (89 versus 82; OR = 1.1; 95 percent CI: 0.77 to 1.6; p = 0.6) was 
similar for both therapies. One unpublished study reported a single major hypoglycemic event in 
the combination therapy arm,92 while there were no major events in the second unpublished 
study.93 In an unpublished study,92 there were more minor or symptom-only hypoglycemic 
events in the monotherapy arm (43 percent vs. 40 percent; p = not reported), while the second 
study93 had more events in the combination therapy arm (40 percent vs. 29 percent, p = not 
reported). 

Weight change (see Appendix E, Evidence Tables 6 and 11). Patients on combination 
therapy with insulin aspart 70/30 plus metformin gained less weight than did patients who were 
on monotherapy,51,59 although the difference was not statistically significant. On the other hand, 
patients on the combination therapy with insulin aspart 70/30 plus pioglitazone gained more 
weight than did patients on monotherapy (4.0 vs. 2.2 kg); the difference between the two groups 
in this trial was also not significant.54 In both unpublished studies, patients on insulin aspart 
70/30 plus metformin gained less weight than did those on monotherapy.92,93  

Quality of life (See Appendix E, Evidence Tables 6 and 11). One study59 reported this 
outcome and found no difference between insulin aspart 70/30 monotherapy and insulin aspart 
70/30 plus oral antidiabetic agents. 

Adherence. No study evaluated this outcome. 
Clinical outcomes (See Appendix E, Evidence Tables 6 and 11). One study reported a 

death due to myocardial infarction in the combination therapy arm.51 Another study reported one 
incidence of myocardial infarction in a patient assigned to the monotherapy group.54 

 
Effect of Premixed Insulin Analogues in Patients With Different Intensity of 
Glucose Control 
 

We did not find any trials that specifically studied the use of premixed insulin analogues in 
patients with different intensities of glucose control. 

 
Effect of Premixed Insulin Analogues in Patients With Postprandial Versus 
Fasting Glucose Control 

 
We did not find any study that studied premixed insulin analogues and compared targeting 

control of fasting glucose with targeting control of postprandial glucose. 
 



Discussion 
 
This report addresses the comparative effectiveness and safety of premixed insulin analogues 

that are available in the U.S. Changes in blood glucose before or after a meal were the most 
frequently reported outcomes, followed by changes in A1c. Among adverse events, 
hypoglycemia was the most frequently reported outcome. Although premixed insulin analogues 
appear to be promising agents for treating hyperglycemia in type 2 diabetics, their effectiveness 
when compared to that of other antidiabetic agents has not yet been fully studied.  

The Diabetes Control and Complication Trial (DCCT) and the UKPDS have highlighted the 
importance of achieving tighter glycemic control, with an aim of achieving an A1c of less than 7 
percent or 6.5 percent (depending on the organization issuing the guidelines).94,95 To achieve 
either of these targets, both fasting and postprandial glucose levels need to be controlled.96 
Current evidence suggests that in patients with higher A1c levels, targeting fasting glucose is 
more beneficial in bringing A1c closer to the desired target; however, as the A1c approaches 7 
percent, controlling postprandial glucose becomes more important for achieving the target 
A1c.96-98 The American Diabetic Association guidelines recommend a target fasting glucose of 
70 to130 mg/dL and a postprandial glucose under 180 mg/dL.99  

A near-physiologic insulin replacement regimen generally requires four daily injections of 
insulin, a requirement that may affect overall patient satisfaction. Premixed insulin analogues can 
provide a convenient and effective alternative to a near-physiologic insulin replacement regimen 
by providing bolus insulin with meals through a rapid-acting component and by fulfilling basal 
insulin requirements through a protaminated slower-release component. A major caveat of 
premixed insulin preparations, however, is the assumption that a particular proportion of rapid- 
and intermediate-acting components will be suitable for all patients; thus, they offer only limited 
opportunity for individualizing glycemic control. 

 
Key Findings and Implications 

 
Fasting Glucose 

 
In this systematic review, we found that as compared to long-acting insulin analogues and 

premixed human insulin preparations, premixed insulin analogues were either less effective or 
similar in lowering fasting glucose. Premixed insulin analogues may be better than rapid-acting 
insulin analogues in lowering fasting glucose. When compared to oral antidiabetic agents, 
premixed insulin analogues appeared to be more effective in lowering fasting glucose. This 
finding has important clinical implications, since controlling fasting glucose is more effective 
than controlling postprandial glucose in bringing a relatively high A1c closer to the target 
range.100 Most studies included in this systematic review excluded patients with very high A1c 
levels. Thus, the findings of this systematic review should not be extrapolated to the 
subpopulation of diabetic patients with uncontrolled diabetes. 

 
Postprandial Glucose 

 
In contrast to our findings with regard to fasting glucose (discussed above), we found that 

premixed insulin analogues were more effective than the long-acting insulin analogues or 
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premixed human insulin preparations in lowering postprandial glucose levels. However, the 
injections were given at the recommended time before meals in only eight 
studies10,15,45,53,67,70,77,101 that compared premixed insulin analogues to premixed human insulin. 
Administration of premixed human insulin injections immediately before meals may have been 
responsible for the observed benefit of the premixed insulin analogues. Controlling postprandial 
glucose is important, because cardiovascular complications of diabetes, such as coronary heart 
disease, stroke, cardiovascular mortality, sudden cardiac death, and all-cause mortality, have 
been found to be closely related to postprandial glucose levels in epidemiological studies.102-105 
Better control of postprandial hyperglycemia may reduce cardiovascular complications.106-109 
However, whether the effectiveness of premixed insulin analogues in lowering postprandial 
hyperglycemia translates into lower incidence of cardiovascular disease is not known, since very 
few studies reported any measurable clinical outcomes.  

 
Hemoglobin A1c 

 
We found premixed insulin analogues to be more effective than long-acting insulin analogues 

in lowering A1c, probably because of the ability of premixed insulin analogues to control 
postprandial hyperglycemia. However, this finding may also reflect the fact that the total daily 
dose of the long-acting insulin analogue was lower than that for the daily premixed insulin 
analogue in several studies. We found premixed insulin analogues to be more effective than oral 
antidiabetic agents in lowering A1c. A1c is the standard of care for monitoring long-term 
glycemic control and reflects both fasting and postprandial glucose control.99 A decrease in A1c 
is associated with a decrease in diabetic complications, such as retinopathy, nephropathy, and 
neuropathy.1,110 Only one of these microvascular complications, diabetic nephropathy, was 
evaluated, and in only one study.32 This study found no difference between premixed insulin 
analogues (insulin aspart 70/30), long-acting insulin analogues (insulin detemir), and rapid-
acting insulin analogues (insulin aspart) in decreasing the albumin–to-creatinine ratio, even 
though the premixed insulin analogue was found to be more effective than the long-acting insulin 
analogue in lowering A1c.32 

 
Clinical Outcomes 

 
Clinical outcomes (such as all-cause mortality, cardiovascular mortality, and morbidity) were 

reported in only 16 RCTs. No statistically significant differences were found between premixed 
insulin analogues and their comparators in terms of all-cause mortality, cardiovascular mortality, 
or cardiovascular morbidity. While a suggestion of harm was seen in the pooled odds ratios for 
all-cause mortality, cardiovascular mortality, and the combined outcome for cardiovascular 
morbidity and mortality, these point estimates were based on few absolute events in only a few 
studies, in which clinical outcomes were not the primary outcomes.  

Reporting bias may also be a concern, since we noted that the majority of the trials did not 
report on clinical outcomes; if there were no clinical outcomes, they did not report the absence of 
any adverse clinical effects. Also, three studies from the pharmaceutical industry reported no 
deaths in either arm, but these studies were not published in the peer-reviewed literature. 
Cardiovascular morbidity was reported in the pharmaceutical data for one study that was not 
peer-reviewed. The addition of these data did not significantly change our results. However, if 
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further data were missing from the other studies for which we did not have industry data, our 
results could have been shifted in either direction.  

The definitions of cardiovascular morbidity varied from one study to another. Two 
studies49,111 combined serious and less serious events together, potentially masking any real 
differences in serious cardiovascular morbidity between drugs. When we considered studies that 
separated more serious from less serious cardiovascular morbidity, the pooled odds ratio for the 
more serious cardiovascular morbidity indicated a potentially harmful effect of the premixed 
insulin analogues, although the results were not statistically significant in the case of either more 
or less serious mortality. While the rosiglitazone and pioglitazone labels have warnings about 
increased congestive heart failure events in subjects who use insulin of any type in conjunction 
with these oral medications (versus insulin alone),84,85 we did not observe any congestive heart 
failure events in the few available studies, which reported only very few absolute events. In 
addition, rosiglitazone labels have warnings regarding the increased ischemic risk in patients 
who use rosiglitazone with insulin, as compared to insulin alone. The evidence was insufficient 
to allow us to determine whether this risk might be increased in the presence of premixed insulin 
analogues, as compared to other insulins used alone. 

There was also insufficient evidence to allow us to draw conclusions about nephropathy 
outcomes. One study evaluated changes in plasma creatinine and reported a 0.02-mg/dL 
difference between groups, favoring insulin detemir (a long-acting insulin analogue). The 
clinical importance of this small difference is, however, unclear. Two other studies reported one 
withdrawal as a result of renal insufficiency, yet no consistent results were seen according to 
drug arm.  

No studies were identified that evaluated any other clinical outcomes. Also, evidence is 
lacking on potential differences in the efficacy and safety of these medications by age, gender, 
race, or any comorbidity, such as a history of cardiovascular disease. We also found no evidence 
on the impact of potential interactions between premixed insulin analogues and other 
medications. 

No previous systematic review has synthesized clinical outcomes comparing premixed 
insulin analogues to their comparators. These outcomes are the most clinically relevant, yet they 
require studies with long-term followup in which the clinical outcomes are the primary 
outcomes. While glycemic control has been associated with improved microvascular, and 
potentially macrovascular, outcomes in subjects with type 2 diabetes,112-116 diabetes drugs that 
lower glycemic control (i.e., muraglitazar and rosiglitazone) have been potentially associated 
with cardiovascular harm.117,118 This finding demonstrates the importance of evaluating potential 
clinical harms in all evaluations of diabetes drugs. We found no study that compared intensive 
control to standard glycemic control, compared premixed insulin analogues to other comparators, 
and reported clinical outcomes. This aspect is especially important in light of the recent early 
termination of the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial,119 which 
found higher mortality in patients randomized to the intensive therapy arm. An ongoing 
retrospective observational study funded by Sanofi-Aventis comparing cardiovascular outcomes 
in those initiating insulin glargine to those initiating premixed insulin analogues using the 
Integrated HealthCare Information Services (IHCIS) databases was completed in January 2008. 
The results of this study will give us further information regarding this important area of study. 
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Adherence 
 

No evidence was found with regard to patient adherence outcomes; therefore, we decided to 
review studies reporting on quality of life, since such factors may affect patient adherence. 
 
Quality of Life 

 
Only six RCTs reported on quality of life measures.32,48,59,72,74,76 No firm conclusions could 

be drawn because of the differences between studies in terms of outcome definitions, 
measurement techniques, populations, and comparators. In the four studies32,48,59,74 using 
validated measurement tools, only one of six quality of life outcomes (psychological distress) 
showed a statistically significant difference, favoring the premixed insulin analogues over other 
antidiabetic agents In the other two studies that showed potential differences between groups that 
favored the premixed insulin analogues, the active comparator arms were not the best alternative 
comparators to use, and this choice may have influenced patient satisfaction and willingness to 
continue treatment.72,76  

No systematic review has synthesized quality of life outcomes comparing premixed insulin 
analogues to their comparators. While quality of life may affect adherence to a medication and 
thereby indirectly affect intermediate and clinical outcomes, outcomes related to quality of life 
were rarely reported. Two industry-sponsored studies are currently underway to evaluate quality 
of life and treatment satisfaction with regard to premixed insulin analogues and the long-acting 
insulin glargine, with or without rapid-acting glulisine. The data are expected to be available 
later in 2008 or 2009.120,121 If validated measures are used, then this study will constitute a 
helpful step toward amassing data on this important outcome. 

 
Hypoglycemia 

 
A relatively common side-effect of the treatment of diabetes, hypoglycemia is the major 

limiting factor in the management of hyperglycemia.122 As compared to long-acting insulin 
analogues, premixed insulin analogues are more likely to cause hypoglycemia. This increased 
risk of hypoglycemia needs to be weighed against the better glycemic control obtained with 
premixed insulin analogues. Evidence was lacking to allow us to conclusively compare premixed 
insulin analogues with other antidiabetic treatments in terms of hypoglycemia incidence or 
hypoglycemic events. Since tighter glycemic control is associated with higher risk of 
hypoglycemia, it is possible that the difference in hypoglycemia between premixed insulin 
analogues and long-acting insulin analogues is a result of the difference in glycemic control. 
Davidson et al.123 reviewed the incidence of hypoglycemia with insulin aspart 70/30 treatment 
and found that the risk of major hypoglycemia was lower for insulin aspart 70/30 than for 
premixed human insulin, but there was no difference in the incidence of minor hypoglycemia. 
Our conclusions are only partially consistent with theirs, for two reasons: First, we have included 
additional studies that have been published since their review, and, second, they included trials 
without a comparator in their review, whereas we did not.  
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Weight Change 
 
Weight gain is a common side-effect of insulin replacement therapy.124 According to one 

estimate, each 5-kg weight gain is associated with a 30 percent increase in the risk of coronary 
heart disease.124 Given the paucity of data, we were able to evaluate the change in weight in the 
case of only one premixed insulin analogue, insulin aspart 70/30. As compared to long-acting 
insulin analogues, insulin aspart 70/30 was associated with greater weight gain. However, this 
finding is difficult to interpret, in light of the fact that long-acting insulin analogues were less 
effective in controlling hyperglycemia and lowering A1c. Weight gain with insulin aspart 70/30 
was also evaluated in the review by Davidson et al.,123 who reported that the weight gain seen 
with insulin aspart 70/30 monotherapy also occurred when this drug was used in combination 
with oral antidiabetic agents. Our systematic review adds to this knowledge by including more 
recently published trials. A recent systematic review by Gough and Tibaldi125 evaluated the 
efficacy and safety of insulin aspart 70/30. Their results were similar to ours, except that they 
found that the degree of hypoglycemia and weight gain associated with insulin aspart 70/30 were 
similar to that seen with the long-acting insulin analogue. Since our systematic review includes 
more recently published trials and we have compared the effect across all premixed insulin 
analogues, we suggest that our results are more reflective of the current state of knowledge. 

 
Limitations 

 
There are several potential limitations to this systematic review. No studies reported on all 

the outcomes included in this review. In addition, the studies varied in terms of the manner in 
which the findings were reported. Several studies presented data on changes in blood glucose in 
a figure and only commented on the significant findings in the text, forcing us to abstract data 
from figures when possible. Some studies reported point estimates but did not report dispersion 
around the point estimates. Some studies did report enough data to make it possible to impute 
standard error of the means. Almost half of the studies were crossover studies, and the data were 
not reported in a manner that could be used in a quantitative synthesis without some assumptions 
being made. These assumptions may have affected the quantitative synthesis of the evidence. 
Because of the relatively small number of studies available for each comparison, a full analysis 
and exploration for heterogeneity could not be done. We addressed this limitation by using a 
random-effects model for all analyses, regardless of the presence or absence of statistical 
heterogeneity. The small number of studies also precluded our ability to fully assess the potential 
for publication bias. In addition, the small number of trials in each comparison limited our ability 
to analyze noninferiority and superiority trials separately.  

Management of the control group was not optimal in several studies. For example, in several 
studies the dose of premixed insulin analogues was titrated to achieve optimal glycemic control, 
while the dose of oral antidiabetic agents was kept constant.51,57,59,60,72 Also, the studies used 
different targets for fasting glucose to guide the titration of insulin. In cases in which a relatively 
less aggressive target for fasting glucose (<120 mg/dL) was applied, the trial may not have used 
the optimal dose of long-acting insulin analogues, resulting in a bias in favor of the premixed 
analogues. However, in light of the results of the ACCORD trial,119 which reported increased 
mortality in patients randomized to intensive glycemic control as compared to patients 
randomized to standard glycemic control, it is difficult to determine the ideal target for fasting 
glucose.  
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The methodological quality of the studies evaluated was good, but the applicability was fair 
to good. The main reason for this limited applicability was that these were efficacy studies, 
which were designed to evaluate premixed insulin analogues in a limited subgroup of patients. 
Thus, most of the studies excluded patients with diabetic complications, other comorbid 
conditions, or certain subpopulations. Another factor that limited the applicability of these trials 
was the relatively short duration of followup of patients while on treatment. This limited 
followup fails to mirror the real-world situation: Once diabetic patients require insulin, they 
usually continue to take it for rest of their lives. Thus, whether the relative effectiveness of 
premixed insulin analogues with regard to some outcome measures would persist over a longer 
period of administration cannot be extrapolated from these studies.  

Almost all of the studies that reported their source of funding were funded by the 
pharmaceutical industry, raising the possibility of publication bias. However, our search of the 
FDA scientific review did not reveal any additional studies that had not yet been reported. We 
found only one relevant unpublished study at www.clinicalstudyresults.org, which was 
completed recently.  

Only in the case of some comparisons and a few outcomes were we able to find sufficient 
evidence to allow us to comment on the effectiveness of premixed insulin analogues. For several 
other comparisons and outcomes, the evidence was insufficient regarding the effectiveness of 
premixed insulin analogues. We found very few studies that commented on clinical outcomes.  

The quality of life associated with choosing a particular treatment may influence adherence 
to therapy and should be addressed in the case of patients with chronic diseases. However, we 
found very few studies that looked at quality of life, and none addressed adherence. Moreover, 
those that reported quality of life did not use validated scales in some cases.  

This systematic review examines the effectiveness of premixed insulin analogues compared 
with other antidiabetic agents (insulin or noninsulin) alone or in combination. This systematic 
review does not specifically examine the comparative effectiveness of different insulin regimens 
(such as those that vary by the frequency of premixed insulin injections in a day) for the 
treatment of type 2 diabetes. 

 
Gaps in the Evidence 

 
Intermediate Outcomes 

 
Because of the current lack of effectiveness studies, the results of the research analyzed here 

should be applied with caution to individual patients with type 2 diabetes. Not all comparisons 
provided enough data to allow us to compare premixed insulin analogues with other antidiabetic 
treatments. However, several ongoing studies may provide valuable additional data to bridge the 
gap in the current evidence.120,121,126 

 
Clinical Outcomes 

 
Scant data exist for use in assessing clinical outcomes when premixed insulin analogues are 

compared with other antidiabetic treatments. The few studies that reported clinical outcomes 
were of relatively short duration and were neither designed nor powered to assess clinical 
outcomes.  

 

96 



Adherence and Quality of Life 
 
No studies evaluated patient adherence. Few studies have compared the effectiveness of 

premixed insulin analogues to that of other antidiabetic treatments in terms of improving quality 
of life. In addition, two of the studies that did evaluate quality of life used non-validated 
scales.72,76 Since diabetes is a chronic disease that requires different injection patterns and 
glucose testing depending on type of insulin regimen prescribed, longer-duration studies are 
needed to assess the effect of premixed insulin analogues on adherence and quality of life. 

 
Hypoglycemia 

 
Very few studies (or, in some cases, no studies) were available that included comparisons 

between certain combinations of premixed insulin analogues and other antidiabetic treatments. 
The relatively short duration of followup in the available studies limited our ability to draw 
conclusions about the incidence of hypoglycemia over a longer duration of time. Only one study 
that compared hypoglycemia incidence at 1 year and 2 years found a lower incidence during the 
second year.45 Patients with comorbid conditions need to be included in future studies. Patients 
with comorbid conditions, who may be at a different risk of developing hypoglycemia from these 
medications, were excluded from the available trials. Thus, the results of these trials cannot be 
extrapolated to patients with comorbid conditions. Furthermore, definitions of minor 
hypoglycemia and symptoms of hypoglycemia differed among the studies. 
 
Weight Change 

 
The main gap in the evidence on weight change was related to the short duration of the 

studies. Weight gain is a relatively slowly progressing outcome, and therefore studies with a 
longer duration of followup can provide better insight into the extent to which premixed insulin 
analogues can cause weight gain. 

 
Future Directions for Research 

 
1. Very few studies compared a premixed insulin analogue with another premixed analogue 

in patients with type 2 diabetes. As premixed insulin analogues vary in their insulin 
structure and the ratio of rapid-acting and long-acting components, future comparative 
research is needed to study whether one premixed analogue is better than the other. 
Future research should also focus on the type of patients and/or type of glycemic controls 
in which a particular premixed analogue preparation is better than the other. Such studies 
should not only aim to evaluate intermediate clinical outcomes (such as A1c) but should 
also evaluate clinical outcomes.  

2. We also found very few studies comparing a near-physiologic regimen (consisting of 
prandial rapid-acting insulin analogue injections and long-acting insulin analogues) with 
a relatively convenient regimen consisting of premixed insulin analogues in type 2 
diabetic pateints.  Such studies should not only evaluate the intermediate outcomes, 
clinical outcomes, and safety, but should also evaluate patient adherence to insulin 
treatment and quality of life.  
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3. Most of the studies included in this systematic review had a short followup duration. 
Studies with longer followup are needed to determine whether the effects observed early 
in treatment are sustainable and whether differences between the comparators appear 
later in treatment. 

4. All studies had inclusion criteria that excluded certain type 2 diabetic subpopulations 
(such as morbidly obese, or with very poor glycemic control). These inclusion criteria 
limit the generalizability of these findings to all type 2 diabetic patients. Studies designed 
to examine the effectiveness and safety of premixed insulin analogues in type 2 diabetic 
patients should be conducted with less restrictive inclusion criteria. In addition, research 
should be conducted in representative primary care settings to assess the effectiveness 
and safety of premixed insulin analogues. 

5. Patients with comorbid conditions, racial minorities, and very elderly patients were either 
excluded from the studies or were under-represented in the study populations. Such 
subpopulations of diabetic patients need to be included in studies examining the 
effectiveness and safety of premixed insulin analogues.  

6. Most studies were relatively small and could not evaluate the effect of patient 
characteristics on study outcomes. Studies of the effectiveness and safety of premixed 
insulin analogues should be large enough to permit analysis of how effects may vary by 
patient characteristics, such as age, gender, race/ethnicity, socioeconomic status, and 
comorbidity. 

7. We did not find any study which was specifically designed to compare the effect of 
premixed insulin analogues with comparators on clinical outcomes (such as 
cardiovascular morbidity and/or mortality). As improvement in intermediate outcomes 
may not always result in improvement in clinical outcomes, studies specifically designed 
to evaluate clinical outcomes are needed. Thus, we believe that studies should compare 
the potential benefits and harms of premixed insulin analogues, compared to other 
diabetes medications, especially in light of the wide confidence intervals we found for the 
risk of cardiovascular morbidity and mortality associated with premixed insulin 
analogues. Studies need to be sufficiently powered to make it possible to assess clinical 
outcomes. 

8. Quality of life and adherence to treatment were evaluated in very few studies. Because 
diabetes is a chronic disease, the effects of premixed insulin analogues on quality of life 
and patient satisfaction need to be examined.  

9. Another area of research that was not addressed by any study in this systematic review 
but needs to explored is how type 2 diabetic patients’ preferences regarding the use of 
different insulin regimens depend on the convenience of dosing as well as the expected 
effects on mortality, morbidity, glycemic control, hypoglycemia, and body weight. 

 
Conclusion 

 
In summary, premixed insulin analogues are more effective than long-acting insulin 

analogues administered alone in terms of lowering postprandial glucose and A1c. Premixed 
insulin analogues are also more effective than premixed human insulin preparations in lowering 
postprandial glucose, but not A1c. The studies analyzed had several limitations that call for 
caution in applying the results to individual patients with type 2 diabetes. These results can only 
be extended to a larger population of patients with type 2 diabetes if we assume that the 
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unstudied subpopulations of patients will respond similarly to the patients in these studies. 
Individual patient factors should continue to play an important role in the selection of a particular 
type of insulin. Moreover, studies with a longer duration and sufficient power to allow 
assessment of clinical outcomes still need to be performed. 
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List of Abbreviations 
 

μg   Microgram 
μmol/L   Micromol per liter 
AA   African American 
AHRQ Agency for Healthcare Research and Quality 
B   Baseline 
BDI-II   Beck Depression Inventory – revised 
B-F   Mean difference from baseline 
BG  Blood glucose 
BHI  Biphasic human insulin 
BIAsp  Biphasic insulin aspart 
BID  Twice daily 
BMI  Body mass index 
BS   Blood sugar 
C   Caucasian 
CGMS   Continuous glucose monitoring system 
CI   Confidence interval 
CINAHL Cumulative Index to Nursing & Allied Health Literature 
CNS   Central nervous system 
CRP  C-reactive protein 
CVD  Cardiovascular disease 
D   Duration 
DBP  Diastolic blood pressure 
DCCT Diabetes Control and Complications Trial  
dl  Deciliter 
DM   Diabetes mellitus 
DTSQ Diabetes Treatment Satisfaction Questionnaire 
EMEA European Medicines Agency 
EPC Evidence-based Practice Centers 
EQ-5D   Euroqol-5D 
F   Final 
F-B   Mean difference from baseline 
FBG   Fasting blood glucose 
FDA Food and Drug Administration 
FPG  Fasting plasma glucose 
g/day  Gram per day 
GAD  Glutamic acid decarboxylase 
GP   Group 
GP1-GP2   Mean difference between the difference from baseline 
h   Hour 
H   Hispanic 
HgbA1c  Hemoglobin A1c 
IHCIS Integrated healthcare information services 
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IQR   Interquartile range 
IU  International unit 
kg  Kilogram 
mg   Milligram 
kg/m2  Kilogram per square meter 
L  Liter 
lbs  Pounds 
m  Meter 
mg  Milligram 
mg/dL   Milligram per deciliter 
min   Minute 
ml   Milliliter 
mmHg  Millimeter of mercury 
mmol   Millimole 
NA   Not applicable 
ng/mL  Nanograms per milliliter 
NHIS National health interview survey 
NIH National Institutes of Health 
nmol  Nanomole 
NPH  Neutral protamine hagedorn 
NR  Not reported 
NS   Not significant 
OA  Oral antidiabetic 
OAM   Oral antidiabetic medication 
ODM   Oral diabetes medicine 
OR Odds ratio 
p   P-value 
PG   Plasma glucose 
PPG  Postprandial glucose 
qd   Once daily 
RCTs Randomized controlled trial 
ref   Reference group 
RR   Relative risk 
SBP  Systolic blood pressures 
SD   Standard deviation 
SE   Standard error 
SEM   Standard error of the mean 
SU  Sulfonylurea 
T   Time of day when insulin taken 
T1DM  Type 1 diabetes mellitus 
T2DM  Type 2 diabetes mellitus 
TZD  Thiazolidinedione 
U  Unit 
UKPDS United Kingdom Prospective Diabetes Study 
ULN  Upper limit of normal 
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US United States 
v   Dosing varied 
WHO-DTSQ   World Health Organization-Diabetes Treatment Satisfaction 

Questionnaire 
 
 
 


